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PREFACE 

This  s tudy  i s  concerned w i t h  t h e  popula t ion  c h a r a c t e r i s t i c s  of t h e  

two p r i n c i p a l  game f i s h  species, smallmouth bass ,  Micropterus dolomieui,  

and Ozark bass,  Ambloplites c o n s t e l l a t u s ,  i n h a b i t i n g  Buf fa lo  Nat iona l  

River.  The primary o b j e c t i v e s  were t o  determine what e f f e c t  h a b i t a t  

a v a i l a b i l i t y  and/or v a r i o u s  l e v e l s  of r e c r e a t i o n a l  boa t ing  a c t i v i t y  were 
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Eugene Maughan, f o r  h i s  guidance, encouragement and assistance 
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E c h e l l e  and D r .  L a r r y  T a l e n t  f o r  agree ing  t o  s e r v e  on my committee on 

s h o r t  n o t i c e  and t h e i r  a s s i s t a n c e  i n  p r e p a r a t i o n  of t h i s  t h e s i s .  

S p e c i a l  thanks  i s  g iven  t o  D r .  Milford R. F l e t c h e r ,  Chief ,  D iv i s ion  

of Na tu ra l  Resource Management, Southwest Region of t h e  Na t iona l  Park 

Se rv ice ,  who e s t a b l i s h e d  t h e  program and provided t h e  funding without 

which t h i s  s tudy  would not have been poss ib l e .  Thanks are a l s o  g iven  t o  

Buf fa lo  Nat iona l  R ive r  Super in tendent  Alec Gould and Chief Ranger Carl 

H i n r i c h s  and t h e i r  p redecesso r s ,  Super in tendent  John Turney and Chief 

Ranger John Welch, who not on ly  allowed me t o  t ake  t i m e  from my r e g u l a r  

d u t i e s  t o  a t t e n d  Oklahoma S t a t e  Un ive r s i ty  t o  accomplish t h i s  r e sea rch  

but  who a l s o  allowed o t h e r  members of t h e i r  s t a f f  t o  assist wi th  d a t a  

c o l l e c t i o n  and a n a l y s i s .  

I thank Steve  Chaney f o r  not only se rv ing  as one of t h e  r e g u l a r s  on 

t h e  sampling crew, but  f o r  "hold ing  down t h e  f o r t "  wh i l e  I w a s  immersed 
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i n  r e sea rch  and away from my r e g u l a r  d u t i e s  i n  t h e  park. A no te  of 

thanks  i s  a l s o  g iven  t o  all t h e  "boat people",  members of t h e  park s t a f f  

and vo lun tee r s ,  who served  on t h e  e l ec t roshock ing  boa t ,  pu l l ed  s e i n e s ,  

r a n  t a n s e c t s ,  conducted creel censuses ,  o r  se rved  i n  t h e  l a b ,  e s p e c i a l l y  

John Cooper;Norm G e l t z ,  J e f f  Hager, Mike Monda, Todd P a t r i c k ,  Charles 

Rogers, Jimmy Wheat and Mike Widner. 

I a l s o  wish t o  thank Cheryl Duffy, Audrey J u s t i s ,  and Kathy Smith 

f o r  a s s i s t a n c e  wi th  typ ing  of t h e  f i r s t  d r a f t  and t o  Hugh Duffy and 

Al l en  George f o r  a s s i s t a n c e  wi th  g raph ic s  p repa ra t ion .  In  a d d i t i o n ,  I 

thank Helen Murray f o r  typ ing  t h e  f i n a l  d r a f t  of t h i s  manuscript. 
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CHAPTER I 

INTRODUCTION 

Buf fa lo  Nat iona l  River  w a s  e s t a b l i s h e d  i n  1972 w i t h  Congressional 

passage of P u b l i c  Law 92-237. Th i s  l a w  des igna ted  t h e  lower 221 km of 

t h e  Buf fa lo  River and 38,757 ha of land along i t s  banks as a u n i t  of t h e  

Na t iona l  Park Service.  

Rec rea t iona l  use of t h e  r i v e r  has  inc reased  d rama t i ca l ly  s i n c e  t h e  

c r e a t i o n  of Buf fa lo  Nat iona l  River.  Canoeing, which is  t h e  primary 

r e c r e a t i o n a l  use  of t h e  r i v e r ,  has  inc reased  from approximately 5,500 

canoes i n  1963 t o  46,000 i n  1979 and 51,000 i n  1981 (U.S. Nat iona l  Park 

S e r v i c e  1982). F ish ing  , johnboat ing  and swimming have a l s o  increased .  

Inc reased  r e c r e a t i o n a l  use has  caused concern among l o c a l  f ishermen as 

w e l l  as among s t a t e  and f e d e r a l  b i o l o g i s t s  and land managers. The 

concern c e n t e r s  around t h e  q u e s t i o n  of whether h igh  l e v e l s  of 

r e c r e a t i o n a l  a c t i v i t y ,  du r ing  t h e  spawning seasons  of the smallmouth 

b a s s  (Micropterus  dolomieui )  and t h e  Ozark bass  (Ambloplites 

c o n s t e l l a t u s ) ,  t h e  two p r i n c i p a l  game f i s h  of t h e  r i v e r ,  has  

d e t r i m e n t a l l y  a f f e c t e d  t h e  f i s h e r y .  There has  a l s o  been concerns about 

t h e  e f f e c t s  of proposed inc reased  s tock ing  rates of channel c a t f i s h  

( I c t a l u r u s  n a t a l i s ) .  

s t a t u s  of t h e  f i s h e r y  should be eva lua ted  p r i o r  t o  i n i t i a t i n g  a s tock ing  

program. The p r i n c i p l e  q u e s t i o n  t o  be answered i s  whether an a d d i t i o n a l  

p r e d a t o r  would impact  t h e  p re sen t  game f i s h  spec ie s .  The need f o r  

Park management h a s  t a k e n  t h e  p o s i t i o n  t h a t  t h e  
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in fo rma t ion  on t h e  s t a t u s  of t h e  major game f i s h  s p e c i e s  of Buffa lo  

Na t iona l  Kiver t o  a l low park management t o  address  t h e s e  concerns w a s  

t h e  b a s i s  f o r  i n i t i a t i n g  t h i s  s tudy .  

L i t t l e  r e sea rch  has  been conducted on t h e  Buf fa lo  Kiver f i s h e r y .  

The a v a i l a b l e  informat ion  d e a l s  p r i n c i p a l l y  wi th  s p e c i e s  d i s t r i b u t i o n s  

(Black 1940; Baker 1953; Baker and Brown 1957; Arkansas Game  and F i s h  

Commission 1962; Cashner and Brown 1977). There has ,  however, been some 

r e s e a r c h  on t h e  p r i n c i p l e  game f i s h ,  t h e  smallmouth bass.  Peek (1965) 

examined growth rates i n  t h e  1962 and 1964 popu la t ions  of smallmouth 

b a s s  a t  s i x  l o c a t i o n s  w i t h i n  what i s  now Buf fa lo  Na t iona l  River. 

Although t h e  a b s o l u t e  growth rates were computed e r roneous ly  (Car lander  

1977), o v e r a l l  growth rates were shown t o  i n c r e a s e  i n  a downstream 

d i r e c t i o n .  However, o l d e r  smallmouth bass  grew equa l ly  w e l l  i n  upstream 

s i tes  and downstream sites. Peek a t t r i b u t e d  t h e  between-sites growth 

d i f f e r e n c e  t o  temperature.  Kilambi, Robison and Adams (1977) sampled 

t h r e e  si tes on t h e  Buf fa lo  River  dur ing  1975-1976 and e s t a b l i s h e d  

b a s e l i n e  growth rates f o r  t h e  smallmouth bass  popula t ions .  The annual  

m o r t a l i t y  ra te  w a s  36%, May and June  w a s  t h e  pe r iod  of annulus 

format ion ,  and f i s h  and c r a y f i s h  wwre t h e  major food i t e m s .  Excepting 

t h e  two s t u d i e s  j u s t  desc r ibed  t h e r e  have been no o t h e r  d e t a i l e d  s t u d i e s  

on smallmouth bass i n  Arkansas streams. There has  been even less work 

on Ozark bass.  Cashner and S u t t k u s  (1977) i d e n t i f i e d  t h e  Buf fa lo  River  

rock  b a s s  as a new s p e c i e s ,  which they desc r ibed  as t h e  Ozark bass ,  

Ambloplites c o n s t e l l a t u s .  The Ozark bass  i s  found only i n  the Ozark 

Upland Province  of Arkansas and Missour i  bu t  no d e t a i l e d  s t u d i e s  have 

been done on any Ambloplites species i n  Arkansas streams. 

T h i s  s tudy  was designed t o  examine t h e  popu la t ion  c h a r a c t e r i s t i c s  



of smallmouth bass  and Ozark bass  a t  twelve s i tes  along t h e  Buffa lo  

River.  

f i s h  between s i tes  and seasons of t h e  year,  and ( 2 )  t o  determine whether 

such d i f f e r e n c e s  are a s s o c i a t e d  w i t h  h a b i t a t  c h a r a c t e r i s t i c s ,  i nc lud ing  

r e c r e a t i o n a l  use.  The o b j e c t i v e  was t o  de te rmine  whether h a b i t a t  i s  

l i m i t i n g  popu la t ions  and whether high l e v e l s  of canoe a c t i v i t y  are 

d e t r i m e n t a l  t o  t h e  f i s h e r y .  

The purposes were (1)  t o  determine i f  d i f f e r e n c e s  e x i s t  among 



CHAPTER I1 

DESCRIPTION OF STUDY AREA 

The Buf fa lo  River  (F igu re  l ) ,  a t r i b u t a r y  of t h e  White River ,  i s  

l o c a t e d  i n  t h e  Ozark Mountains of no r th  c e n t r a l  Arkansas. The bas in  i s  

approximately 112.7 km long ,  averages  35.4 km i n  width and d r a i n s  an 

area of 3,465 km2. 

of Newton County and flows f o r  238 km i n  an e a s t e r l y  d i r e c t i o n  through 

The Buf fa lo  River  o r i g i n a t e s  i n  t h e  Boston Mountains 

Searcy and Marion Counties .  The e a s t e r n  ha l f  of t h e  b a s i n  d i s s e c t s  t h e  

S p r i n g f i e l d  P la t eau  and near  t h e  mouth i t  c u t s  through t h e  Salem P la t eau  

(U .S .  Army Corps of Engineers  1964). The Buffa lo  River  e n t e r s  t h e  White 

River  approximately 50 km downstream of Bu l l  Shoals  D a m  and 18 km 

upstream of t h e  mouth of t h e  North Fork River.  

The topography i s  rough t o  mountainous, t h e  only  l e v e l  land  

being l i n e a r  t rac t s  along r i d g e  t o p s  and d iscont inuous  f l o o d p l a i n  

c r e s c e n t s  s c a t t e r e d  throughout  t h e  a l l u v i a l  stream v a l l e y s  (U .S .  

Nat iona l  Park Se rv ice  1975). Basin relief ranges from 783 m a t  t h e  

headwaters t o  116 m a t  t h e  mouth; stream g r a d i e n t s  range from 

2.9-7.6 m/km i n  t h e  headwaters t o  less than  0.5 m/km i n  t h e  lower 122 km 

of t h e  r i v e r  (U.S. Army Corps of Engineers  1964). 

The r i v e r  has  64 t r i b u t a r i e s ,  a l l  of which are p r i m a r i l y  s h o r t  with 

p e r e n n i a l  and i n t e r m i t t a n t  f lows. The t h r e e  l a r g e s t  t r i b u t a r i e s  are t h e  

L i t t l e  Buffa lo  River ,  Big Creek and Richland Creek wi th  dra inage  areas 

of 368, 357 and 331 km2, r e s p e c t i v e l y  (Babcock 1976). 
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Geologic format ions  i n  t h e  b a s i n  are sedimentary i n  o r i g i n  wi th  

s h a l e  and sands tone  capping t h e  Boston Mountain p o r t i o n  of t h e  watershed 

and dolomite and l imes tone  dominating the e a s t e r n  p o r t i o n  of t h e  basin.  

The b a s i n  i s  r u r a l  and s p a r c e l y  populated wi th  about 13,000 people. 

Approximately 79% of t h e  watershed is  f o r e s t e d  and 20% i s  i n  

a g r i c u l t u r a l  p roduct ion .  Oak-hickory i s  t h e  predominant f o r e s t  

community i n  t h e  b a s i n  but  oak-pine and cedar  g l ades  are a l s o  common. 

S o i l s  i n  t h e  f l o o d p l a i n  are sandy and s i l t y  loams but  t h e  e a s i l y  eroded 

s l o p e s  are covered w i t h  t h i n  l a y e r s  of che r ty  loam and c lays .  

The climate of t h e  r eg ion  i s  cha rac t e i zed  by hot  summers and mild 

win te r s .  The average annual  tempera ture  i s  14.4OC. Temperatures i n  

J u l y  average 26.7"C o f t e n  reaching  37.8OC dur ing  mid-day. 

tempera tures  average 4.4OC o c c a s i o n a l l y  f a l l i n g  t o  -17.7OC o r  lower a t  

n igh t .  Annual r a i n f a l l  averages  123.4 cm and i s  d i s t r i b u t e d  r e l a t i v e l y  

uniformly throughout t h e  yea r  (U.S. Na t iona l  Park S e r v i c e  1975). Annual 

runoff averages 40.8 c m  (Babcock 1976). 

January 

The U.S. Geologica l  Survey stream gage loca ted  a t  Highway 65 

b r idge ,  95.8 km above t h e  r i v e r ' s  confluence,  has recorded an  average 

d i scha rge  of 28.8 m 3 / s  between 1939 and 1981. 

t h e  42-year pe r iod  w a s  3,140 m 3 / s  which occurred  i n  November 1973. 

1980, dur ing  a s e v e r e  drought ,  d i scha rge  ranged from a maximum of 

217 m 3 / s  t o  a minimum of 0.31 m 3 / s  w i th  a mean d i scha rge  of 13.4 m3/s  

(Appendix A). 

but i t  w a s  s t i l l  below t h e  1979 pre-drought flows. I n  1979 d i scha rge  

ranged from a maximum of 912 m3/s t o  a minimum of 0.79 m3/s wi th  a mean 

d i scha rge  of 41.1 m3/s (U.S. Geologica l  Survey 1979, 1980, 1981). 

Water q u a l i t y  of t h e  Buf fa lo  River  dur ing  normal flow i s  

Maximum d i scha rge  dur ing  

I n  

In  1981, flow inc reased  s l i g h t l y ;  mean flow was 15.1 m3/s 
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e x c e p t i o n a l l y  high and d e v i a t i o n  from t h e  high q u a l i t y  i s  a t t r i b u t a b l e  

t o  s u r f a c e  runoff and not  t o  p o i n t  sou rces  of p o l l u t i o n  o r  r e c r e a t i o n a l  

usage (Meyer and Woomer 1978). 

s a t u r a t i o n  yea r  round. 

December t o  30.9OC dur ing  J u l y ,  w i t h  tempera tures  g e n e r a l l y  i n c r e a s i n g  

i n  a downstream d i r e c t i o n .  

from 6.6 t o  8.8. Conduct iv i ty  and a l k a l i n i t y  i n c r e a s e s  i n  t h e  

downstream d i r e c t i o n  wi th  c o n d u c t i v i t y  l e v e l s  ranging from 28 

Dissolved oxygen remains near  o r  above 

Average d a i l y  tempera tures  vary from 5.3OC i n  

T u r b i d i t y  i s  g e n e r a l l y  low and pH ranges  

micromhos/cm i n  t h e  upper reaches  of t h e  r i v e r  i n  December t o  234 

micromhos/cm i n  t h e  middle reaches  i n  June. 

F i f t y  n i n e  s p e c i e s  of f i s h  r e p r e s e n t i n g  12 f a m i l i e s  have been 

recorded f o r  t h e  r i v e r  (Cashner and Brown 1977). The most common pool 

species are t h e  longear  s u n f i s h  (Lepomis m e g a l o t i s ) ,  bigeye s h i n e r  

(No t rop i s  boops) and t h e  d u s k y s t r i p e  s h i n e r  (N. - p i l s b r y i ) .  The most 

commn r i f f l e  species are t h e  yoke d a r t e r  (Etheostoma j u l i a e ) ,  rainbow 

d a r t e r  (E. - caeruleum), d u s k y s t r i p e  s h i n e r  and t h e  l a r g e s c a l e  s t o n e r o l l e r  

(Campostoma anomalum) (Becker and Kilambi 1975). The p r i n c i p l e  game 

f i s h  i s  t h e  smallmouth bass.  

Twelve s tudy  si tes (F igu re  2)  w e r e  s e l e c t e d ,  e l even  on t h e  Buf fa lo  

R ive r  i t s e l f  and t h e  t w e l f t h  on Calf Creek, a t r i b u t a r y  t h a t  e n t e r s  t h e  

r i v e r  a t  r i v e r  k i lome te r  99.8. Cr i te r ia  used i n  s e l e c t i o n  of sampling 

l o c a t i o n s  were 1) a c c e s s i b i l i t y  [ a n  e l ec t roshock ing  boat was used and 

low water l e v e l s  dur ing  summer and f a l l  r e s t r i c t e d  access t o  some a r e a s ]  

and 2 )  t h e  l e v e l  of canoe use. Each s i t e  cons i s t ed  of a pool and t h e  

a d j a c e n t  upstream r i f f l e .  The l o c a t i o n  of t h e  1 2  s i tes  were: 

S i t e  1: 0.8 km above t h e  mouth of Clark  Creek, T16N, R23W, Sec t ion  

36 a t  r i v e r  k i lome te r  206. 
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S i t e  2: 0.6 km below t h e  mouth of S t e e l  Creek, T16N, R22W, Sec t ion  

1 7  a t  r i v e r  k i lome te r  198. 

S i t e  3: 5.8 km above t h e  Highway 7 br idge ,  T16N, R21W, Sec t ion  11, 

a t  r i v e r  k i lome te r  171. 

S i t e  4: 1.9 km above t h e  Hasty low water br idge ,  T16N, R20W, 

S e c t i o n  27 a t  r i v e r  k i l o m e t e r  155. 

S i t e  5: Mouth of Cane Branch, T16N, R18W, S e c t i o n  31 a t  r i v e r  

k i lome te r  131. 

S i t e  6: White B l u f f ,  T15N, R18W, S e c t i o n  31 a t  r i v e r  k i lome te r  

109. 

S i t e  7 :  Tyler  Bend, above M i l l  c r eek ,  T16N, R17W, Sec t ion  34 a t  

r i v e r  k i lome te r  98. 

S i t e  8: Mouth of Bear Creek, T16N, R16W, S e c t i o n  29 a t  r i v e r  

k i lome te r  87. 

S i t e  9: 0.8 km below t h e  mouth of Spr ing  Creek, T16N, R15W, 

S e c t i o n  16 a t  r i v e r  k i l o m e t e r  61. 

S i t e  10: Mouth of Pan the r  Creek, T17N, R15W, S e c t i o n  27  a t  r i v e r  

k i l o m e t e r  49. 

S i t e  11: 1.1 km above t h e  mouth of Rush Creek, T17N, R15W, Sec t ion  

15  a t  r i v e r  k i l o m e t e r  40. 

S i t e  12: Calf Creek, 1.6 km above i t s  conf luence  w i t h  t h e  Buf fa lo  

R ive r ,  T15N, R17W, S e c t i o n  3. 

Phys ica l  c h a r a c t e r i s t i c s  of each s i t e  are summarized i n  Table  1, 

h a b i t a t  parameters a t  each s i t e  are provided i n  Appendix B ,  and l e v e l s  

and pe r iods  of canoe use  are  g iven  i n  Table  2.  



Table  1. Phys ica l  c h a r a c t e r i s t i c s  of t h e  12 s tudy  sites on t h e  Buf fa lo  R ive r ,  Arkansas. 

Average Mean Maximum Aquatic 
S i t e  Area Length wid th  dep th  depth  P r i n c i p a l  v e g e t a t i o n  Gradient 

B (ha )  (m) (m> (m> (d s u b s t r a t e  (rn2-% of s i t e )  (m/km) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.54 

0.29 

0.95 

0.93 

0.71 

1.63 

1.81 

1.92 

3.68 

3.82 

7.32 

0.13 

223 

2 00 

286 

400 

2 40 

597 

600 

550 

1,121 

1,100 

1,600 

100 

24.2 

13.8 

22.5 

23.7 

30.1 

28.1 

29.4 

35.2 

32.7 

34.1 

45.7 

12.9 

0.8 

0.5 

0.9 

0.8 

0.6 

0.7 

1.3 

0.8 

0.6 

0.6 

0.8 

0.5 

3.0 

3.7 

2.4 

2.1 

1.8 

2.2 

3.5 

2.2 

1.5 

1.5 

2.5 

1.6 

G r ave 1 / c o b b 1 e 

Grave 1 

Grave 1 

Gravel 

Grave 1 

Grave 1 

S i l t  

Grave 1 

Grave 1 

Gravel-bedrock 

Grave 1 

Gravel 

144-2.7 

0-0.0 

18-0.2 

24-0.3 

146-2.0 

2,460-15.1 

0-0.0 

1,660-8.7 

2,744-7.5 

1,930-5.0 

6,385-8.7 

35-2.7 

3.2 

2.1 

1.5 

1.4 

1.0 

1.4 

1.1 

0.6 

0.5 

0.5 

0.8 

2.5 

I- 
O 
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Table 2. Tota l  number of canoes and months 
of peak canoe use a t  each s i t e  on t h e  
Buf fa lo  River ,  Arkansas i n  1981. 

S i t e  Number of 
numb e r canoes Months of peak use  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

229 

7,730 

5,181 

3,586 

1,263 

5,077 

5,077 

2,338 

12,194 

9,571 

Apr i 1 -May 

April-June 

April-June 

April-August 

April-June 

April-August 

April-August 

April-September 

April-September 

April-October 

11 9,571 Apr il-0ct ober 

12 0 - 

Source: United S t a t e s  Na t iona l  Park Se rv ice ,  
Dra f t  Proposal/Envi ronment a1 
Assessment, River  Use Management 
P l a n ,  Buf fa lo  Na t iona l  R ive r  (1982): 



CHAPTER 111 

MATERIALS AND METHODS 

Excepting sites 9,  10,  and 1 2  which were not sampled i n  f a l l  1980, 

t h e  12 s tudy  si tes were sampled once i n  t h e  f a l l ,  and once i n  t h e  win te r  

of 1980 and once i n  t h e  s p r i n g  of 1981. Except f o r  s i tes  5 ,  7 ,  and 9 

dur ing  t h e  summer of 1980 t h a t  were sampled only twice, each  s i t e  w a s  

sampled t h r e e  t i m e s  dur ing  each of t h e  summers of 1980 and 1981 

(Appendix C). 

F i s h  were sampled w i t h  a boat-mounted, C o e f f e l t  VVP 15 e l e c t r o -  

shocking u n i t  opera ted  on DC p u l s e  a t  600 v o l t s ,  3-6 amps, a p u l s e  

frequency of 80-100 cyc les / second and a 40 t o  50% p u l s e  width. 

A u n i t  of e f f o r t  c o n s i s t e d  of e l ec t roshock ing  t h e  e n t i r e  s i te .  

Three u n i t s  were g e n e r a l l y  made on each sample day. I f  a t  l eas t  two 

f u l l  u n i t s  of e f f o r t  were not completed, t h e  c a t c h  d a t a  were not 

u t i l i z e d  f o r  popu la t ion  estimates. 

Each smallmouth bass  and Ozark bass  was weighed, and measured f o r  

t o t a l  l eng th ;  a f t e r  a scale sample had been t aken ,  the specimen was 

r e l e a s e d  i n t o  t h e  l i ve -we l l  of t h e  boat o r  i n  a n e t  ho ld ing  pen u n t i l  

t h e  t h i r d  u n i t  of e f f o r t  was completed. Then a l l  specimens were 

r e tu rned  t o  t h e  sample  area. 

During each season ,  c a p t u r e  l o c a t i o n s  of smallmouth bass  were 

marked w i t h  a p l a s t i c  o r  Styrofoam f l o a t  a t t a c h e d  t o  a l ead  weight. 

S i m i l a r  procedures were followed f o r  marking c a p t u r e  l o c a t i o n s  of Ozark 

12 
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bass  during a l l  seasons except summer 1980. A t  t h e  conclus ion  of t h e  

l as t  u n i t  of e f f o r t  a t  each s i t e ,  t h e  dep th ,  v e l o c i t y  and s u b s t r a t e  type  

a t  each s i t e  of cap tu re  w a s  determined. Ve loc i ty  was measured w i t h  a 

Teledyne Gurley,  Model 622, Current Meter and t h e  measurement w a s  t aken  

a t  0.6 of t h e  t o t a l  depth. S u b s t r a t e  w a s  ca t egor i zed  as s i l t ,  sand 

( <  1.6 mm d i ame te r ) ,  pebble (1.6-12.7 mm), g r a v e l  (12.7-76.2 mm), 

cobble (76.2-203.2 mm), boulder  (> 203.2 mm), bedrock o r  some 

combination of t h e s e  ca t egor i e s .  

During t h e  summer of 1981, g l a s s  t ubes  ( G i l l i l a n d ,  Kle inholz  and 

Clady 1982) were used t o  remove t h e  stomach con ten t s  from a l l  f i s h  

captured  dur ing  e l ec t roshock ing .  Contents  were preserved  i n  fo rma l in  

and i d e n t i f i e d  i n  t h e  lab .  To de termine  r ep roduc t ion  l e v e l s  and food 

a v a i l a b i l i t y  each s i t e  w a s  s e ined  dur ing  both  t h e  summer of 1980 and 

1981. 

t h e  number of each p e r  t e n  s e i n e  hau l s  w a s  used as an  i n d i c a t i o n  of 

reproduct ion .  Also, t h e  t o t a l  number of s p e c i e s  and t h e  t o t a l  number of 

fo rage  f i s h  p e r  t e n  s e i n e  hau l s  were recorded as an  i n d i c a t i o n  of food 

a v a i l a b i l i t y  a t  each s i te .  Cray f i sh  d e n s i t i e s  were determined by 

count ing  t h e  number of c r a y f i s h  found i n s i d e  of a 1 m2 metal sampling 

frame, approximately 0.2 m high. 

s u b s t r a t e  and a l l  rocks and boulders  w i t h i n  t h e  frame were over turned  o r  

removed u n t i l  a l l  c r a y f i s h  w i t h i n  t h e  g r i d  were c o l l e c t e d .  

Young-of -the-year smallmouth bass  and Ozark bass  were counted and 

The frame w a s  worked i n t o  t h e  

Popu la t ion  estimates were made us ing  t h e  d e p l e t i o n  method desc r ibed  

by Carle and Maughan (1980) and t h e  maximum l i k e l i h o o d  e s t i m a t o r  (Car l e  

and S t rubb  1978). The 95% conf idence  i n t e r v a l s  f o r  each estimate w a s  

used t o  e v a l u a t e  d i f f e r e n c e s  i n  popu la t ion  estimates between and w i t h i n  

sites. 



14 

D e n s i t i e s  were determined by d i v i d i n g  popu la t ion  estimates by t h e  

t o t a l  area of t h e  sample s i t e .  Standing crop ,  which a l s o  w a s  c a l c u l a t e d  

on a pe r  a r e a  b a s i s  w a s  determined by mul t ip ly ing  t h e  popu la t ion  

estimates f o r  each s i t e  by t h e  mean weight and t h e n  d i v i d i n g  by t h e  area 

of t h e  s i te .  

C o e f f i c i e n t s  of c o n d i t i o n  o r  cond i t ion  f a c t o r s  were determined from 

t h e  equa t ion  K = W x 1 0 5 / ~ 3  (Ricker  1975) where K = Condi t ion  Fac to r ,  

W = weight i n  grams and L = t o t a l  l e n g t h  i n  millimeters. Mean cond i t ion  

f a c t o r s  were determined f o r  bo th  s p e c i e s  by season ,  by s i t e  and by s i z e  

class. Linear  and c u r v i l i n e a r  r e g r e s s i o n  models were developed t o  

determine i f  t h e r e  were any c o r r e l a t i o n s  between h a b i t a t  a v a i l a b i l i t y  

and cond i t ion  f a c t o r s ,  d e n s i t y  and s t and ing  crop v a l u e s  t h a t  were 

c a l c u l a t e d  f o r  each s i t e  f o r  each season. H a b i t a t  parameters t h a t  were 

analyzed were depth ,  v e l o c i t y ,  s u b s t r a t e  composition, g r a d i e n t ,  area i n  

the  sample area and food a v a i l a b i l i t y .  Rec rea t iona l  use  v a r i a b l e s ,  t h e  

number of canoes pas s ing  t h e  s i t e  dur ing  spawning and non-spawning 

p e r i o d s ,  were a l s o  analyzed. 

Hab i t a t  a v a i l a b i l i t y  w a s  determined by measuring water depth  and 

v e l o c i t y  and c l a s s i f y i n g  s u b s t r a t e  t y p e s  a t  1-meter i n t e r v a l s  a long  

t r a n s e c t s  conducted pe rpend icu la r  t o  t h e  d i r e c t i o n  of flow. Transec t s  

were spaced a t  i n t e r v a l s  of 20 t o  70 meters depending on t h e  s i z e  of t h e  

s i t e .  Measurements of depth ,  v e l o c i t y  and s u b s t r a t e  w e r e  made wi th  t h e  

same methods and equipment t h a t  were used t o  measure h a b i t a t  parameters 

a t  cap tu re  l o c a t i o n s .  Each depth ,  v e l o c i t y  and s u b s t r a t e  reading  

r ep resen ted  average v a l u e s  f o r  t h e s e  parameters  f o r  an area o r  segment 

1-meter wide and ex tending  h a l f  t h e  d i s t a n c e  t o  the nex t  t r a n s e c t  i n  

both  an upstream and downstream d i r e c t i o n .  Su r face  area f o r  each 
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parameter w a s  c a l c u l a t e d  f o r  each segment by mul t ip ly ing  l e n g t h  t i m e s  

width. The amount of area f o r  each i n t e r v a l  of depth  and v e l o c i t y  as 

w e l l  as s u b s t r a t e  type  could  t h e n  be determined by summing t h e  areas of 

t h o s e  segments t h a t  had t h e  p a r t i c u l a r  s u b s t r a t e  t ype  o r  t h e  p a r t i c u l a r  

dep th  o r  v e l o c i t y  i n t e r v a l  (Or th  1980). The percentage  of t h e  t o t a l  

area t h a t  each depth  o r  v e l o c i t y  i n t e r v a l  o r  s u b s t r a t e  type comprised 

w a s  c a l c u l a t e d  and used f o r  t h e  r e g r e s s i o n  models. Percentage  r a t h e r  

t h a n  areas were used because of t h e  v a s t  d i f f e r e n c e s  i n  s i z e  of s i tes  

and a l s o  because d e n s i t y  and s t and ing  crop had a l r eady  been ad jus t ed  f o r  

area. Gradien ts  f o r  each s i t e  were determined from 7 1/2  minute 

topographic  maps. Canoe use  w a s  ob ta ined  from t h e  Na t iona l  Park Se rv ice  

River  Use Reports developed from r e n t a l  r e c e i p t s  ob ta ined  from canoe and 

johnboat concess ioners  o p e r a t i n g  w i t h i n  t h e  park and from o n s i t e  counts  

conducted by Nat iona l  Park S e r v i c e  personnel.  

~ 

To compare growth of f i s h  between s i tes ,  f i s h  from each age group 

were p laced  i n  t h e  o r d e r  of descending s i z e .  To de te rmine  i f  f a s t  

growth w a s  t a k i n g  p l a c e ,  t h e  t o t a l  l e n g t h  of t h e  l a r g e s t  f i s h  of that  

age class w a s  decreased  by 5% and any f i s h  from o t h e r  sites t h a t  were 

l a r g e r  t h a n  t h a t  t o t a l  l e n g t h  w a s  considered t o  have made e x c e p t i o n a l  

growth. The t o t a l  l e n g t h  of t h e  s h o r t e s t  bass  w i t h i n  each age class 

inc reased  by 5% and any s i t e  w i t h  f i s h  which had a mean t o t a l  l e n g t h  )( 
less t h a n  t h a t  va lue  was cons idered  t o  e x h i b i t  slow growth. 

yas 

Growth was back-calculated from scales of Ozark bass  and smallmouth 

bass.  Scales were removed from an  area below t h e  la teral  l i n e  a t  t h e  

depressed  t i p  of t h e  p e c t o r a l  f i n .  Sca le s  were pressed  onto  acetate 

s l i d e s  (Smith 1954) and were magnified 60X us ing  a Bausch and Lomb 

Micropro jec tor .  Annuli counts  and measurements were made a long  t h e  
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a n t e r i o r  scale r a d i u s  (Paragamian 1973). Twenty pe rcen t  of t h e  3,462 

scales were read twice t o  v e r i f y  accuracy of age assignments.  

A creel census w a s  conducted dur ing  t h e  s p r i n g  and summers by 

Na t iona l  Park Se rv ice  r ange r  personnel  as p a r t  of t h e i r  r e g u l a r  p a t r o l  

a c t i v i t i e s .  Because of o t h e r  d u t i e s ,  i t  w a s  imposs ib le  t o  randomize 

d a t e s  o r  t i m e s  of day o r  t o  devote  a t o t a l  day t o  t h e  census. Census 

in fo rma t ion  was obta ined  from two sources .  I n  t h e  f i r s t ,  a ranger  

performing a r i v e r  p a t r o l  recorded in fo rma t ion  from each f i s h i n g  p a r t y  

on 1) number of f i shermen i n  t h e  group, 2 )  sex composition, 3 )  

r e s i d e n c e ,  4 )  l e n g t h  of t i m e  f i s h i n g ,  5 )  number and s p e c i e s  of f i s h  

caught ,  6 )  l e n g t h  and weight of smallmouth and Ozark bass  i n  t h e  creel, 

and 7 )  f i s h i n g  methods used: boa t  o r  bank, type  of rod and b a i t .  I n  

t h e  second, park personnel  s t a t i o n e d  a t  r i v e r  access p o i n t s  t o  conduct 

surveys  on l e v e l s  of canoe a c t i v i t y  obta ined  t h e  same in fo rma t ion  from 

each pa r ty .  

M o r t a l i t y  f o r  each major s e c t i o n  and t h e  r i v e r  a s  a whole was 

c a l c u l a t e d  us ing  a ca t ch  curve (R icke r  1975). 



CHAPTER IV 

RESU LT S 

Popula t ion  Estimates 

Smallmouth Bass 

During t h e  summer of 1980, popu la t ion  s i z e s  of smallmouth bass  a t  

s i tes  1, 6, 7 ,  10, and 11  remained s t a b l e  but  popu la t ions  a t  t h e  

remaining seven si tes changed s i g n i f i c a n t l y  over  t i m e  (Table 3 ) .  

Popula t ions  a t  s i tes  4 and 9 inc reased  through t h e  summer, t hose  a t  

s i tes  2 ,  3, and 8 inc reased  and then  decreased ,  and those  a t  sites 5 and 

1 2 ,  two of t h e  smallest si tes,  decreased  du r ing  t h e  summer. 

Popula t ions  i n  summer 1981 v a r i e d  even more than  those  i n  1980. 

Only a t  s i tes  1 and 8 w a s  t h e r e  no s i g n i f i c a n t  v a r i a t i o n  between t h e  

t h r e e  popu la t ion  estimates. Popula t ions  a t  si tes 2 and 4 dec l ined  i n  

l a t e  summer a f t e r  remaining s t a b l e  dur ing  June and J u l y .  Conversely, 

popu la t ions  inc reased  i n  l a t e  summer a t  s i tes  6 and 11 a f t e r  remaining 

r e l a t i v e l y  c o n s t a n t  dur ing  e a r l y  and midsummer. Smallmouth bass  

popula t ions  a t  si tes 5 and 1 2  inc reased  throughout t h e  summer i n  

c o n t r a s t  t o  t h o s e  a t  s i t e  3 a t  which t h e r e  w a s  a continuous dec l ine .  A t  

s i t e s  7 ,  9,  and 10, popu la t ions  peaked dur ing  midsummer and then  

dec l ined .  S i t e  9 w a s  t h e  only one of t h e  t h r e e  s i tes  where l a t e  summer 

popu la t ion  estimates were smaller t h a n  the i n i t i a l  estimate. S i t e  1 w a s  

t h e  only s i t e  i n  which popu la t ions  followed t h e  same t r e n d  dur ing  both 

1 7  



Table 3. Popula t ion  s i z e  estimates f o r  smallmouth bass  popula t ions  i n  Buffa lo  River ,  Arkansas 
from summer 1980 through summer 1981. Numbers i n  parentheses  are t h e  95% confidence 
i n t e r v a l s  f o r  t h e  estimates. Dashes i n d i c a t e  t h a t  no sample w a s  taken. Letters by t h e  s i te  
number g ive  t h e  chronologica l  sequence i n  which t h e  summer samples were taken. 

S i t e  I/ Summer 1980 Fa1 1 
~ 

Winter 

1.a. 
b. 
C.  

2.a. 
b. 
C. 

3.a. 
b. 
C. 

4.a. 
b ?  
C. 

5.a. 
b. 
C. 

6.a. 
b. 
C.  

27 (21.0-42.8) 
35 (31.0-43.9)  
29 (25.0-38.6)  

36 (29.0-51.3)  
5 5  (42.0-78.0)  
34 (31.0-40.9)  

6 (6 .0-7.3)  
28 (28.0-30.3) 
19 ( 1 9  .O-20.8) 

16 (16.0-17.8)  
23 (21.0-29.0) 
34  (26.0-52.7)  

- - 
27 (22.0-39.9) 

9 (9 .0-9.9)  

57 (26.0-162.4) 
46 (36.0-65.1)  
60  (40.0-99.1)  

40 (24.0-84.9)  

34 (31.0-41.2)  

41 (33.0-56.9)  

21 (19.0-27.6)  

14 (14.0-15.6)  

40 (30.0-61.5)  

43 (28.0-79.3) 25  (15.0-62.5) 

20 (18.0-26.4) 14 (9.0-39.6)  

27 (25.0-32.4)  6 (6.0-7.3) 

33 (26.0-49.1)  23 (18.0-37.6) 

7 (7.0-10.0) 3 (3 .0-5.5)  

143 (92.0-208.3)  38 (31.0-52.8) 

9 (8 .0-15.0)  
13 (13.0-15.1)  

9 (8.0-15.0) 

27 (20.0-46.1) 
20 (20.0-21.2) 
17 (17.0-19.4)  

- - 
6 (5 .0-14.3)  
3 (3 .0-4.4)  

8 (8 .0-10.1)  
10 (10.0-10.8)  

2 (2 .0-4.0)  

- 0 
1 (1.0-5.0) 
7 (7.0-8.7) 

3 (3.0-3.0) 
3 (3 .0-4.4)  

14 (7.0-64.8) 



Table  3. Continued. 

S i t e  I/ Summer 1980 Fa1 1 Winter Spring Summer 1981 

7.a. 23. (12.0-76.4) 112 (95,O-131.1) 110 (73.0-162.2) 48 (45.0-54.4) 5 (5.0-6.5) 
b. 1 3  (12.0-17.6) 23 (21.0-29.4) 
C. - - 8 (8.0-10.1) 

61 (53.0-73.5) 69 (23.0-294.6) 35 (28.0-50.4) 4 (4.0-5.1) 
b. 59 (32.0-129.1) 5 (5.0-6.5) 
C. 27 (26.0-30.4) 5 (5.0-8.2) 

8. a. 8 (8.0-9.0) 

9. a. 38 (36.0-42.9) - - 273 (87.0-736.9) 110 (105.0-117.1) 1 (1.0-1.0) 
b. - - 10 (9.0-16.1) - C.  158 (43.0-643.4) 0 

10. a. 19 (14.0-36.3) - - 19 (18.0-22.9) 25 (14.0-70.6) 2 (2.0-4.0) 

4 (4.0-8.0) 
b. 27 (25.0-32.8) 11 (11.0-13.0) 
C. 34 (27 .O-50.0) 

1l.a. - - 189 (112.0-291.9) 87 (38.0-227.4) 193 (97.0-340.0) 19 (18.0-23.4) 
b. 62 (41.0-105.7) 8 (6.0-20.6) 
C.  75 (38.0-167.7) 42 (30.0-68.4) 

12. a. 4 (4.0-5.1) 
b. 3 (3.0-3.5) 

7 (7.0-7.2) 1 (1.0-2.4) 1 (1.0-1.0) 
3 (3.0-3.0) 
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summers. 

A l l  popu la t ions ,  except  t hose  a t  s i tes  2 and 3 ,  had popula t ions  at  

t h e  beginning of t h e  summer of 1981 t h a t  were lower t h a n  those  a t  t h e  

beginning of summer 1980. A l l  t h r e e  summer 1981 popu la t ion  estimates a t  

s i tes  1, 4 ,  5, 9 ,  and 10 were s i g n i f i c a n t l y  lower t h a n  any of t hose  from 

t h e s e  s i tes  dur ing  t h e  p rev ious  summer. S i t e s  6, 8, 11, and 12 a l l  

s t a r t e d  t h e  1981 summer w i t h  bass  popu la t ions  a t  s i g n i f i c a n t l y  lower 

l e v e l s  than  those  t h a t  were found i n  1980. However, by t h e  end of t h e  

summer popu la t ion  s i z e s  d i d  not d i f f e r  s i g n i f i c a n t l y  from at least  one 

of t h e  summer 1980 popu la t ion  estimates. A t  s i tes  2 ,  3 ,  and 7 a t  l e a s t  

one 1981 popu la t ion  estimate w a s  comparable t o  a n  estimate from t h e  

p rev ious  summer. A t  s i t e  2 ,  t h e  1981 estimate w a s  as high as a 1980 

estimate only dur ing  e a r l y  summer; f o r  si tes 3 and 7 ,  they  were 

comparable only i n  midsummer. O v e r a l l ,  however, the summer 1981 

smallmouth bass  popu la t ions  were lower than  t h e  popu la t ions  f o r  t h e  same 

s i t e  t h e  p rev ious  summer. By t h e  end of summer 1981, popu la t ions  a t  

e i g h t  s i tes  ( 1 ,  2 ,  3, 4 ,  5, 8, 9 ,  10) were smaller t h a n  they  were a t  t h e  

end of summer 1980; and no s i t e  had popu la t ions  t h a t  were l a r g e r .  

Popu la t ion  estimates were obta ined  f o r  n i n e  of t h e  twelve s i t e s  

dur ing  f a l l  1980. The f a l l  popu la t ion  estimates a t  f i v e  of t h e  n ine  

s i tes  ( 1 ,  2 ,  4 ,  6, 11)  d i d  not d i f f e r  s t a t i s t i c a l l y  from t h e  l a s t  summer 

1980 popu la t ion  estimate. The remaining fou r  si tes (3, 5, 7 ,  8 )  a l l  had 

h i g h e r  estimates i n  f a l l  t han  they  had i n  t h e  late summer. Of these 

f o u r  s i tes ,  s i t e  7 showed t h e  l a r g e s t  i n c r e a s e ,  approximately n ine  t i m e s  

l a r g e r .  Although s i t e s  5 and 8 had inc reased  f a l l  popu la t ion  s i z e s  when 

compared t o  l a t e  summer l e v e l s ,  t h e  f a l l  popu la t ion  estimates f o r  t h e s e  

two s i tes  were not s i g n i f i c a n t l y  d i f f e r e n t  from t h e  midsummer estimate 
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f o r  s i t e  8 and w a s  smaller t h a n  t h e  midsummer estimate f o r  s i t e  5. 

I n  t h e  w i n t e r ,  popu la t ion  l e v e l s  d i d  not d i f f e r  s i g n i f i c a n t l y  from 

f a l l  l e v e l s  a t  sites 1 ,  4 ,  7 ,  8, and 11. Levels a t  s i t e  6 ,  however, 

i nc reased  t h r e e f o l d ,  bu t  l e v e l s  decreased a t  sites 2 ,  3, and 5. O f  t h e  

t h r e e  s i tes  f o r  which no f a l l  samples we,re taken ,  s i t e  9 had a 

popu la t ion  s i z e  i n  w i n t e r  similar t o  t h a t  p r e s e n t  i n  l a t e  summer, s i t e  

12 had a n  inc reased  popu la t ion  compared t o  t h a t  i n  the summer, and s i t e  

10 had a w i n t e r  popu la t ion  smaller than  t h e  one a t  midsummer but  similar 

t o  t h e  one i n  ea r ly  summer. 

Spring popu la t ion  l e v e l s  d i d  not d i f f e r  s i g n i f i c a n t l y  from those  i n  

w i n t e r  a t  si tes 1, 2 ,  4 ,  8 ,  9,  10 and 11. However, a t  s i tes  3, 5, 6 ,  7 ,  

and 1 2 ,  popula t ion  l e v e l s  were decreased. Of t h e  12 si tes,  on ly  a t  

s i tes  1, 2 ,  3 ,  and 12 were s p r i n g  popu la t ion  l e v e l s  comparable t o  those  

i n  e a r l y  summer. A t  a l l  o t h e r  s i tes popu la t ions  dec l ined .  

Ozark Bass 

Popula t ion  s i z e  estimates of Ozark bass  a l s o  f l u c t u a t e d  dur ing  t h e  

summer. During summer 1980, t h e  Ozark bass  popula t ions  of s i t e  4 

i nc reased  (Table 4 )  but  a t  s i tes  6 and 12 popu la t ions  decreased. 

Popu la t ions  a t  si tes 2 ,  5, 7 ,  9, and 11  d i d  not  vary s t a t i s t i c a l l y  

through t h e  summer. A t  the remaining s i tes ,  1, 3 ,  8 and 10, popula t ions  

of Ozark bass  inc reased  from early summer t o  midsummer but  t hen  

d e c l i  ned . 
Ozark bass  popu la t ions  dur ing  summer 1981 showed similar 

v a r i a t i o n s .  However dur ing  summer 1981, popu la t ions  i n c r e a s e d  a t  s i t e  

7 ,  decreased  a t  s i tes  2 ,  9 ,  and 12, and remained s t a b l e  a t  si tes 1, 5, 

and 11, and i n c r e a s i n g  then  dec reas ing  a t  s i tes  3, 4 ,  8, and 10. 



Table 4. Popula t ion  estimates f o r  Ozark bass  popula t ion  i n  Buffa lo  River, Arkansas from summer 
1980 through summer 1981. Numbers i n  parentheses  are t h e  95% confidence i n t e r v a l s  f o r  t h e  
estimates. Dashes i n d i c a t e  t h a t  no sample  w a s  taken. Letters by t h e  s i t e  number g ive  t h e  
ch rono log ica l  sequence i n  which t h e  summer samples were taken. 

S i t e  # Summer 1980 Fa1 1 Winter Spring Summer 1981 

1 .a. 
b. 
C .  

2.a. 
b. 
C .  

3.a.  
b. 
C. 

4.a. 
b. 
C .  

5.a. 
b. 
C .  

6.a. 
b. 
C .  

10 (10.0-12.7) 
24 (20.0-34.9) 
15 (14.0-19.5)  

27 (24.0-34.9) 
38 (27.0-63.8) 
42 (22.0-108.1)  

9 (9.0-10.9) 
32 (29.0-39.3) 

6 (6.0-7.3) 

9 (9.0-9.9) 
33 (26.0-49.1)  
30 (22.0-51.0) 

- - 
68 (58.0-82.6)  
55 (47.0-68.4) 

4 (4 .0-6.9)  

27 (20.0-46.1) 

50 (22.0-158.4)  

9 (9.0-9.5) 

22 (18.0-33.5)  

8 3  (151.9-214.1)  107 (69.0-163.5) 
98 (89.0-109.3)  
65 (60.0-73.1)  

23 (21.0-29.4) 47 (43.0.54.6) 

32 (25.0-48.8) 16 (13.0-26.8) 

14 (14.0-16.4) 8 (6.0-20.6) 

20 (18.0-26.4) 2 (2 .0-4.0)  

3 (3.0-6.8) 25 (19.0-41.9)  

246 (105.0-486.9) 91 (51.0-169.1)  

13 (11.0-21.2) 
13 (13.0-15.1) 
15 (14.0-20-0) 

49 (47.0-53.5) 
24 (22.0-30.1) 

5 (5 .0-8.2)  

2 (2.0-2.8) 
10 (6.0-38.8) 

3 (3.0-5.5) 

3 (3.0-3.5) 

2 (2 .0-2.8)  
17 (13.0-31.6)  

48 (23.0-135.4) 
22 (19.0-30.9) 
36 (30.0-48.6) 

73  (52.0-106.9) 
37 (35.0-42.1.) 
65 (49.0-91.0)  

N 
N 



Table  4. Continued. 

S i t e  il Summer 1980 F a l l  Winter Spring Summer 1981 

7.a. 
b. 
C .  

8.a. 
b. 
C. 

9.a. 
b. 
C. 

10.a. 
b. 
C. 

1l.a. 
b. 
C. 

12.a. 
b. 

27 (18.0-54.8) 59 (45.0-82.8) 40 (28.0-67.8) 45 (41.0-52.7) 
13 (12.0-18.2) 

32 (29.0-38.9) 7 4  (41.0,-147.2) 78 (31.0-242.5) 56 (31.0-121.0) 
131 (77.0-212.4) 

42 (38.0-50.3) 

35 (34.0-38.7) - - 423 (74.0-2,133.4) 55 (27.0-142.2) 

39 (36.0-45.6) 
- - 

16 (15.0-20.7) - - 10 (8.0-20.3) 49 (31.0-91.1) 
44 (36.0-59.4) 
10 (10.0-11.2) 

34 (30.0-43.5) 14 (12.0-22.2) 36 (26.0-59.8) - - 
66 (44.0-109.8) 
54 (50.0-61.4) 

7 (5.0-22.5) - - 3 (3.0-3.5) 7 (7.0-10.0) 
0 - 

17 (17.0-18.3) 
42 (30.0-68.4) 
26 (24.0-32.0) 

16 (14.0-23.6) 
59 (47.0-78.8) 
22 (21.0-25.8) 

48 (40.0-62.8) 
30 (29.0-33.7) 
23 (22.0-27.0) 

8 (8.0-10.7) 
29 (22.0-46.9) 
12 ('11.0-17.0) 

71 (49.0-108.6) 
61 (49.0-80.3) 
39 (34.0-49.2) 

- 0 
0 - 
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During f a l l ,  popu la t ion  s i z e s  a t  s i tes  2 ,  6 ,  and 8 were s t a b l e  

compared t o  those  p r e s e n t  i n  l a t e  summer, bu t  t hose  a t  s i tes  3 and 7 

i nc reased  and those  a t  s i tes  1 ,  4 ,  5 ,  and 11 decreased. 

During t h e  w i n t e r ,  popu la t ion  estimates f o r  sites 2,  6, 7 ,  and 8 

were not s i g n i f i c a n t l y  d i f f e r e n t  t han  those  f o r  f a l l ;  however, i n c r e a s e d  

popu la t ion  l e v e l s  occurred a t  s i tes  1 and 4 w i t h  decreased popu la t ions  

a t  si tes 3 ,  5, and 11. Winter d a t a  from t h e  t h r e e  s i tes  a t  which no 

f a l l  samples were t aken  were compared w i t h  those  from l a t e  summer. 

Popu la t ion  l e v e l s  i nc reased  a t  s i tes  9 and 12 and showed no change a t  

s i t e  10. 

Only a t  s i t e  4 w a s  t h e  s p r i n g  popu la t ion  l e v e l  lower than  t h a t  

found i n  win te r .  A t  s i tes  2 ,  3 ,  6 ,  7 ,  8, and 9,  popu la t ions  d i d  not  

change s i g n i f i c a n t l y  and a t  s i tes  1, 5 ,  10, 11, and 12 popu la t ions  

inc reased .  

Except a t  s i t e  2 ,  t h e  Ozark bass  popu la t ions  i n  summer 1981 were 

e i t h e r  t h e  same as those  p r e s e n t  i n  s p r i n g  ( s i t e s  4 ,  5 ,  6 ,  9, and 11) o r  

lower ( s i t e s  1, 3 ,  7 ,  8 ,  10, and 12).  

Dens i ty  

Smallmouth Bass 

D e n s i t i e s  of smallmouth bass  f l u c t u a t e d  from a seasona l  mean high 

of 46.8 bas s /ha  (Table  5 )  dur ing  t h e  f a l l  t o  a low of 11.8 bass /ha  

du r ing  summer 1981. 

S i t e  2 had t h e  h i g h e s t  d e n s i t y  of any s i t e  dur ing  every season  

excep t  w i n t e r  and s i t e  1 had t h e  second h i g h e s t  d e n s i t y  du r ing  every 

season. The range of d e n s i t i e s  encountered between s i t e s  dur ing  each 

season  was g e n e r a l l y  wide, e s p e c i a l l y  du r ing  t h e  summer of 1980 when 
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s i t e  2 had a mean dens i ty  of 143.7 bas s /ha  and s i t e  10 had only 7.0 

bass/ha.  

Ozark Bass 

Mean d e n s i t i e s  ranged from a high of 45.7 bass /ha  dur ing  w i n t e r  t o  

a low of 22.3 bass /ha  during summer 1981 (Table  5) .  D e n s i t i e s  a t  s i t e  2 

followed by those  a t  s i tes  5 and 6,  were t h e  h i g h e s t  dur ing  both summers 

and f a l l .  During w i n t e r ,  d e n s i t i e s  a t  s i t e  6 ,  followed by those  a t  

s i tes  9 and 1 2 ,  were h ighes t  (150.1 bass /ha) .  I n  s p r i n g ,  s i t e  1 wi th  

87.0 Ozark bass /ha  had t h e  h i g h e s t  d e n s i t y  of a l l  sites. There was 

high v a r i a b i l i t y  i n  d e n s i t y  l e v e l s  between sites w i t h i n  t h e  same season; 

t h e  g r e a t e s t  range i n  d e n s i t i e s  occurred during w i n t e r  when d e n s i t i e s  

ranged from a high of 150.1 bas s /ha  a t  s i t e  6 t o  a low of 1.9/ha a t  s i te  

11. 

Standing Crop 

Smallmouth Bass 

The mean s t and ing  crop of smallmouth bass  w a s  h ighes t  (5.8 kg/ha)  

i n  t h e  summer of 1980 (Table  6 ,  Appendix D) .  Levels  dec l ined  t o  3.9 

kg/ha i n  t h e  f a l l ,  r o s e  t o  5.0 kg/ha i n  t h e  w i n t e r  t hen  dec l ined  through 

s p r i n g  and summer 1981. The summer 1981 mean s t and ing  crop of 1.9 kg/ha 

w a s  67% lower than  t h e  mean s t and ing  crop of t h e  prev ious  summer. 

S i t e  2 had t h e  h ighes t  s t and ing  crop dur ing  both summers and i n  t h e  

The s p r i n g ,  bu t  s i t e  9 had t h e  h i g h e s t  s t and ing  crop dur ing  t h e  win ter .  

h i g h e s t  s t and ing  crop a t  s i t e  2 w a s  23.2 kg/ha and occurred dur ing  

summer 1980. 
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Table 5. Seasonal  d e n s i t i e s  (N/ha) of smallmouth bass  and Ozark bass  i n  
Buffa lo  R ive r ,  Arkansas f o r  each season. 

S i t e  Season 
number Summer 1980 Fa1 1 Winter Spring Summer 1981 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  - 
X 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
x" 

56.2 
143.7 

18.6 
26.2 
25.4 
33.3 
10.0 
16.3 
26.6 

7.0 
9.4 

27.0 
33.0 

30.2 
123.0 

16.5 
25.8 
86.7 
70.8 
11.1 
35.6 
10.1 
6.1 
8.2 

27.0 
37.6 

Smallmouth bass  

74.1 
117.2 
43.2 
22.6 
19.7 
24.5 
61.9 
31.8 

- 
25.8 

46.8 
- 

79.6 
69.0 
28.4 
35.5 

9.9 
87.7 
60.8 
35.9 
74.2 

5.0 
11.9 
53.8 
46.0 

Ozark bass  

7.4 
93.1 
52.6 

9.7 
31.0 
65.6 
32.6 
38.5 

- 

4.6 

37.2 
- 

42.6 
110.3 

14.7 
21.5 

4.2 
150.1 

22.1 
40.6 

115.0 
2.6 
1.9 

23.1 
45.7 

46.3 
48.3 

6.3 
24.7 

4.2 
23.3 
26.5 
18.2 
29.9 

6.5 
26.4 

7.7 
22.4 

87.0 
55.2 

8.4 
2.2 

35.2 
55.8 
24.9 
29.2 
15.0 
12.8 
4.9 

53.9 
32.0 

19.2 
73.6 

4.8 
7.2 
3.8 
4.1 
6.3 
2.4 
1.0 
1.5 
3.1 

15.4 
11.8 

25.3 
89.7 

5.3 
7.9 

49.8 
35.8 
15.7 
16.8 

9.2 
4.3 
7.8 
0.0 

22.3 
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Table  6. Seasonal s t and ing  crops  (kg/ha)  of smallmouth bass  and Ozark 
bass  i n  Buf fa lo  River ,  Arkansas. 

S i t e  Season 
number Summer 1980 Fa1  1 Winter Spring Summer 1981 

Smallmouth bass  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
3 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
z 

9.8 
23.2 

4.1 
4.2 
4.6 
6.5 
1.4 
3.0 
6.4 
1.6 
1.2 
3.0 
5.7 

3.8 
12.6 

1.6 
2.9 

11.0 
7.9 
1.3 
3.0 
1.2 
0.6 
0.8 
0.9 
4.0 

10.5 
8.2 
3.4 
2.8 
1.6 
2.1 
3.6 
1.6 
- 
- 

1.9 

3.9 
- 

6.6 
1.2 
4.4 
2.5 
0.2 

10.1 
2.4 
6.1 

19.0 
1.4 
0.3 
5.7 
5.0 

Ozark bass  

0.9 
4.9 
5.4 
0.7 
3.0 
7.2 
3.8 
2.9 
- 
- 

0.4 

3.3 
- 

5.5 
2.5 
0.8 
0.9 
0.1 

12.1 
0.9 
1.3 

12.7 
0.4 
0.1 
1.5 
3.2 

3.7 
14.4 

1.8 
7.3 
0.7 
0.7 
1.5 
1.2 
5.9 
0.3 
1.3 
0.6 
3.3 

11.2 
5.9 
1.2 
0.5 
4.1 
3.5 
3.0 
1.7 
1.6 
1.8 
0.3  
3.1 
3.1 

4.8 
10.2 
0.2 

0.4 
0.3 
0.6 
0.2 
0.4 
0.1 
0.3 
2.6 
1.9 

2.8 

3.0 
11.7 
0.5 
0.8 
4.8 
3.2 
1.4 
1.6 
0.8 
0.4 
0.5 
0.0 
2.4 
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Ozark Bass 

The mean s t and ing  crop of Ozark bass  w a s  h i g h e s t  (4.0 kg/ha) du r ing  

t h e  summer of 1980 (Table 6 ) .  There w a s  a g radua l  d e c l i n e  wi th  each 

subsequent season  u n t i l  a low of 2.4 kg/ha w a s  reached dur ing  summer 

1981. 

Summer s t and ing  c rops  were h i g h e s t  a t  si tes 2 and 5; however va lues  

a t  s i t e  2 remained c l o s e  t o  t h e  summer 1980 l e v e l  dur ing  1981, whereas 

s i t e  5 w a s  over  50% lower dur ing  t h e  second summer. S i t e  6 had t h e  

h i g h e s t  f a l l  s t and ing  crop and a long  w i t h  s i t e  9,  t h e  h i g h e s t  w i n t e r  

s t and ing  crop a l s o .  In s p r i n g ,  s i t e  1 had a s t and ing  crop n e a r l y  double 

t h a t  of t h e  next h ighes t .  The h i g h e s t  o v e r a l l  s t and ing  crop occurred a t  

s i t e  9 dur ing  w i n t e r  w i t h  12.8 kg/ha,  w i th  t h e  second h i g h e s t  of 12.6 

kg/ha a t  s i t e  2 dur ing  summer 1980. 

H a b i t a t  U t i l i z a t i o n  

Depth 

Smallmouth Bass. Depths u t i l i z e d  by smallmouth bass  v a r i e d  by 

season  (Table  7 ) .  

t o  p r o g r e s s i v e l y  deeper  water from f a l l  (0.88 m) t o  w i n t e r  (1.04 m) t o  

s p r i n g  (1.11 m). A c h i  squa re  test of independence showed a s i g n i f i c a n t  

d i f f e r e n c e  i n  depth  u t i l i z a t i o n  by season  (Table  8). 

excep t ions  t o  t h e s e  d i f f e r e n c e s  occurred i n  t h e  comparisons between 

summer 1980 and summer 1981 and between f a l l  and summer 1981. 

F i s h  moved from sha l low water, mean depth of 0.80 m ,  

The only 

Ozark Bass. Only dur ing  w i n t e r  and summer 1981 w a s  t h e r e  a 

s u f f i c i e n t  sample s i z e  t o  a l low e v a l u a t i o n  of depth  u t i l i z a t i o n .  

used were sha l lowes t  (mean = 0.79 m) dur ing  t h e  summer (Table 9). 

Depths 

A s  



Table  7. Seasonal  f requency of occurrence  and percentage  of t o t a l  cap tu res  of smallmouth bass 
a t  va r ious  depth  i n t e r v a l s .  

Summer 1980 F a l l  1980 Winter 1980 Spring 1981 Summer 1981 

(m) N T o t a l  N Tot a1 N T o t a l  N T o t a l  N To ta l  
Depth % of % of % of % of % of 

0.00-0.25 

0.26-0.50 

0.5 1-0.75 

0.76-1.00 

1.01-1.25 

1.26-1.50 

1.51-1.75 

1.76-2.00 

2 .O 1-2.25 

2.26-2.50 

T o t a l  

15 2.0 

143 18.8 

24 1 31.7 

160 21.1 

116 15.2 

66 8.7 

17 2.2 

2 0.3 

0 0.0 

0 0.0 

760 100.0 

3 0.8 

42 11.2 

98 26.1 

114 30.4 

73 19.5 

32 8.5 

10 2.7 

3 0.7 

0 0.0 

0 0.0 

375 100.0 

1 

9 

28 

61  

40 

29 

9 

6 

4 

0 

187 

0.5 

4.8 

15.0 

32.5 

21.4 

15.5 

4.9 

3.2 

2.1 

0.0 

100.0 

0 0.0 

5 3.0 

25 15.3 

30 18.3 

51  31.1 

28 17.1 

20 12.2 

3 1.8 

1 0.6 

1 0.6 

164 100.0 

2 1.2 

27 15.6 

44 25.4 

48 27.7 

30 17.4 

15 8.7 

5 2.8 

2 1.2 

0 0.0 

0 0.0 

173 100.0 

Range ( m >  0.09-1.95 m 0.18-1.79 m 1.25-2.13 m 0.33-2.50 m 0.18-1.98 m 
Mean (m) 0.80 m 0.88 m 1.04 m 1.11 m 0.84 m 
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Table 8. Seasonal  c h i  square  v a l u e s , . d e g r e e s  of freedom and p r o b a b i l i t y  
va lues  f o r  tests of d i f f e r e n c e s  i n  depth  d i s t r i b b t i o n  of A) smallmouth 
bass ,  B )  Ozark bass ,  and C )  smallmouth bass  and Ozark bass .  

X 2  Degrees of P r o b a b i l i t y  
Seasons compared Value freedom (P 1 

Summer 1980 - F a l l  1980 
Summer 1980 - Winter 1980 
Summer 1980 - Spring 1981 
Summer 1980 - Summer 1981 
F a l l  1980 - Winter 1980 
F a l l  1980 - Spring 1981 
F a l l  1980 - Summer 1981 
Winter 1980 - Spring 1981 
Winter 1980 - Summer 1981 
Spring 1981 - Summer 1981 

Winter 1980 - Summer 1981 

Summers 1981 
Winters  1980 

Smal lmou t h  bass  

27.53 
91 .oo 

115.83 
9.49 

33.03 
58.7 1 

2.75 
20.69 
27.05 
46.83 

Ozark bass  

74.23 

7 
8 
9 
7 
8 
9 
7 
9 
8 
9 

7 

Smallmouth bass  and Ozark bass  

10.68 8 
20.81 7 

P < 0.005 
P < 0.005 
P < 0.005 

*P > 0.100 
P < 0.005 
P < 0.005 

*P > 0.900 
P < 0.025 
P < 0.005 
P < 0.005 

P < 0.005 

"P > 0.100 
P < 0.500 

* Not s i g n i f i c a n t  a t  0.05. 
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Table 9. Frequency of occurrence and percentage  of 
t o t a l  cap tu res  of Ozark bass  a t  va r ious  depth  
i n t e r v a l s  dur ing  w i n t e r  1980 and summer 1981. 

Winter 1980 Summer 1981 
% of % of 

Depth (m) N T o t a l  N T o t a l  

0 .OO-0.25 2 1.8 9 1.8 

0.26-0.50 2 1.8 93 18.8 

0.5 1-0.7 5 26 23.2 139 28.2 

0.76-1.00 28 25.0 133 26.9 

1.01-1.25 18 16.1 83 16.8 

1.26-1.50 21 18.7 30 6.1 

1.51-1.75 15 13.4 6 1.2 

1.76-2.00 0 0.0 1 0.2 

T o t a l  112 100.0 494 100.0 

Range (m) 0.15-1.63 0.15-1.77 

Mean (m) 1.03 0.79 
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w i t h  smallmouth bass,  d e e p e r  waters were used i n  w i n t e r  (mean p r e f e r r e d  

d e p t h  = 1.06 m) .  

Ve loc i ty  

Smallmouth Bass. Water v e l o c i t y  measurements were taken  over  a 

p e r i o d  of f i v e  seasons (Table  10)  and c h i  squa re  tests of independence 

(Table 11) i n d i c a t e d  t h a t  t h e r e  w a s  s i g n i f i c a n t  s easona l  d i f f e r e n c e s  i n  

t h e  v e l o c i t i e s  u t i l i z e d  by smallmouth bass.  

Smallmouth bass occurred i n  a wide range of v e l o c i t i e s  du r ing  t h e  

summer of 1981 when c a p t u r e s  were made i n  v e l o c i t i e s  up t o  104 c m / s .  

However, they used t h e  h i g h e s t  v e l o c i t i e s  (mean: 

s p r i n g .  During summer 1980, smallmouth bass  g e n e r a l l y  u t i l i z e d  areas of 

t h e  r i v e r  wi thout  c u r r e n t ;  64.8% of a l l  c a p t u r e s  occurred i n  areas wi th  

a 0 c m / s  v e l o c i t y  and 7.8% of a l l  smallmouth bass  were captured  i n  

20.5 cm/s) i n  t h e  

v e l o c i t i e s  of 5 cm/s o r  less. In t h e  f a l l ,  bas s  moved i n t o  s l i g h t l y  

f a s t e r  v e l o c i t i e s  than  they p r e f e r r e d  i n  t h e  prev ious  summer (1980); i n  

w i n t e r ,  they  s e l e c t e d  even h i g h e r  v e l o c i t i e s .  

From summer 1980 through s p r i n g  1981, t h e r e  w a s  a t r e n d  f o r  

smallmouth bass  t o  i n c r e a s e  t h e  range of v e l o c i t i e s  occupied w i t h  each 

p r o g r e s s i v e  season. During 1981, b a s s  occupied a wider  range of 

v e l o c i t i e s  t han  I n  summer 1980. In 1980, t h e  mean c a p t u r e  v e l o c i t y  was 

4.0 c m / s  bu t  i n  1981 i t  w a s  11.9 c m / s .  In 1981, t h e  median v e l o c i t y  w a s  

7 c m / s  compared t o  0 c m / s  i n  1980. V e l o c i t i e s  u t i l i z e d  i n  t h e  summer of 

1981 were in t e rmed ia t e  between t h o s e  u t i l i z e d  i n  w i n t e r  and sp r ing .  

Ozark Bass. Data on Ozark b a s s  h a b i t a t  p re fe rence  w a s  t aken  only 

du r ing  w i n t e r  and summer 1981 (Table  12). The c h i  squa re  test  of 

independence i n d i c a t e d  t h a t  t h e r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  between 
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v e l o c i t i e s  u t i l i z e d  by Ozark bass  i n  w i n t e r  and those  u t i l i z e d  dur ing  

summer (Table  11). Both t h e  mean and median v e l o c i t i e s  u t i l i z e d  i n  

summer, 60 c m / s  and 10.2 cm/s r e s p e c t i v e l y ,  were n e a r l y  double those  

u t i l i z e d  i n  w i n t e r ,  3.0 c m / s  and 5.4 

t o  p r e f e r  lower v e l o c i t i e s  t han  they  

S u b s t r a t e  

cm/s. Ozark bass  i n  w i n t e r  seemed 

d i d  i n  summer. 

Smallmouth Bass. During summer 1980, t h e  l a r g e s t  percentage  

(16.4%) of a l l  smallmouth bass  c a p t u r e s  occurred over bedrock (Appendix 

E ,  Table 57). U t i l i z a t i o n  of cobble-boulder (11 .7%) ,  boulder-bedrock 

(11.0%) and boulder (10.5%) were t h e  n e s t  h ighes t .  When t h e  42 p o s s i b l e  

combinations of s u b s t r a t e  t ypes  were combined i n t o  n i n e  broad c a t e g o r i e s  

(Table  13) and reana lyzed ,  boulder  was t h e  most p r e f e r r e d  s u b s t r a t e ;  

w i t h  45.2% of a l l  smallmouth bass  c a p t u r e s  occur r ing  over t h i s  

s u b s t r a t e .  Bedrock (37.3%) and cobble (29.3%) were t h e  next most common 

s u b s t r a t e s  a t  s i t e s  of capture .  D e t r i t u s  w a s  t h e  l eas t  p r e f e r r e d  

s u b s t r a t e  (1.4%). 

c a p t u r e  l o c a t i o n s  and i n  73 of t h e  110 c a p t u r e s  a t  t h o s e  l o c a t i o n s ,  i t  

occurred  only as a l i g h t  cover ing  over  cobble ,  boulder ,  o r  bedrock. 

S i l t  w a s  a s u b s t r a t e  occurred a t  only 14.5% of a l l  

I n  f a l l ,  t h e  l a r g e s t  percentage  of smallmouth bass  were found over 

bedrock (24.7%) w i t h  boulder-bedrock t h e  second most p r e f e r r e d  s u b s t r a t e  

and cobble-boulder t h e  t h i r d .  Bedrock was a l s o  t h e  p r e f e r r e d  s u b s t r a t e  

when t h e  i n d i v i d u a l  s u b s t r a t e s  were combined; n e a r l y  60% of a l l  

smallmouth bass  captured dur ing  t h e  f a l l  were found over  bedrock o r  some 

bed rock combi na t i on. 

Although t h e  p r e f e r r e d  s u b s t r a t e  t ypes  (bedrock, boulder-bedrock, 

and cobble-boulder) remained t h e  same i n  w i n t e r  as i n  f a l l ;  t h e r e  w a s  a 
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r e d u c t i o n  i n  t h e  use  of t h e s e  s u b s t r a t e s  and a g r e a t e r  frequency of 

occurrence  of smallmouth bass  over  s i l t  and sand. These changes 

probably r e f l e c t  t h e  movement of bass  i n t o  deeper ,  lower-velocity water 

dur ing  t h e  win te r .  Winter w a s  t h e  only season  t h a t  bass  were not 

captured  over  d e t r i t u s  and may i n d i c a t e  t h a t  bass  only fo rage  over  

d e t r i t a l  covered areas. 

In s p r i n g ,  boulder-bedrock became t h e  p r e f e r r e d  s u b s t r a t e  w i t h  

26.8% of a l l  smallmouth bass  being captured  over t h i s  s u b s t r a t e  type.  

Bedrock w a s  second and boulder w a s  t h i r d  i n  u t i l i z a t i o n .  Overa l l ,  u se  

of boulder  equaled t h a t  of bedrock i n  t h e  combined s u b s t r a t e  c a t e g o r i e s  

bu t  u se  of cobble and s i l t  s u b s t r a t e s  decreased. 

H a b i t a t  p re fe rences  i n  summer 1981 (Table  13) were not t h e  same as 

t h o s e  observed dur ing  t h e  p rev ious  summer ( P  < 0.005) and i n  f a c t  

s u b s t r a t e  u se  i n  each season  d i f f e r e d  s i g n i f i c a n t l y  from that i n  any 

o t h e r  s eason  (Table 14) .  

During summer 1981, cobble-boulder (Table  14) was t h e  most common 

s u b s t r a t e  used by smallmouth bass ,  w i t h  20.9% of a l l  cap tu res  occur r ing  

over  t h i s  s u b s t r a t e  type.  Bedrock use  w a s  only 12.8%, boulder  only 

11.1% and boulder-bedrock was 9.3%. When a l l  42  s u b s t r a t e  combinations 

were reduced t o  n i n e  s u b s t r a t e  c a t e g o r i e s ,  cobble  (37.8%) and boulder 

(36.0%) were t h e  two most important s u b s t r a t e  c a t e g o r i e s  followed i n  

importance by bedrock (26.2%) and g r a v e l  (20.1%). The major d i f f e r e n c e  

between summer 1980 and 1981 w a s  t h a t  i n  1981 smallmouth bass  were less 

r e s t r i c t e d  t o  boulder  and bedrock s u b s t r a t e s  and more evenly used 

g r a v e l ,  cobble ,  boulder  and bedrock. 

Ozark Bass. During t h e  w i n t e r ,  most Ozark bass  used bedrock and 

boulder  s u b s t r a t e s  (Table 15, Appendix E ,  Table 58). In summer 1981, 



Table  10. Seasonal f requency  of occurrence  and percentage  of t o t a l  cap tu res  of smallmouth bass 
a t  d i f f e r e n t  water v e l o c i t i e s .  

Summer 1980 F a l l  1980 Winter 1980 Spring 1981 Summer 1981 

( c m / s >  N T o t a l  N T o t a l  N T o t a l  N T o t a l  N T o t a l  
Ve loc i ty  % of % of % of % of % of 

0 

1-5 

6-10 

11-15 

16-20 

2 1-2 5 

26-30 

3 1-35 

3 6-4 0 

4 1-4 5 

4 6-5 0 

4 16 

7 7  

58 

42 

2 1  

8 

3 

6 

4 

2 

2 

64.8 

12.0 

9.0 

6.5 

3.3 

1.3 

0.5 

0.9 

0.8 

0.5 

0.3 

42 

66 

43 

21  

7 

9 

1 

2 

0 

2 

0 

21.4 

33.7 

22.0 

10.7 

3.6 

4.6 

0.5 

1 .o 

0 

1.0 

0 

64 35.0 

44 24.0 

27 14.8 

21 11.5 

11 6.0 

5 2.7 

2 1.1 

5 2.7 

2 1.1 

0 0 

1 0.5 

8 4.9 

19 11.6 

23 14.0 

30 18.3 

18 11.0 

17 10.4 

10 6.1 

8 4.9 

14 8.5 

3 1.8 

3 1.8 

46 26.6 

25 13.3 

38 22.0 

16 9.3 

13 7.6 

13 7.5 

2 1.2 

9 5.2 

2 2.3 

1 0.6 

5 2.9 



Table 10. Continued. 

Summer 1980 F a l l  1980 Winter 1980 Spring 1981 Summer 1981 

(cm/s> N T o t a l  N Tota l  N To ta l  N T o t a l  N To ta l  
Ve loc i ty  % of % of % of % of % of 

5 1+ 3 0.3 3 1.5 1 0.5 11 6.7 3 1.7 

Tot a1 642 19 6 183 164 173 

Median (cm/s) 0 5 
Mean (cm/s) 4.0 4.7 

25% t i t l e  ( c m / s )  0 3 
75% t i l e  (cm/s> 5 9 

Range (cm/s) 0-72 0-57 

5 
7.3 
0-54 
0 
11 

17 7 
20.5 11.9 
0-7 3 0-104 
8 0 
27 17 
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Table 11. Seasonal  chi-square v a l u e s ,  degrees  of freedom and 
p r o b a b i l i t y  v a l u e s  of tes ts  of d i f f e r e n c e s  i n  water v e l o c i t y  
d i s t r i b u t i o n  of A) smallmouth bass ,  B )  Ozark bass ,  C) smallmouth bass  
and Ozark bass. 

X 2  Degrees of P r o b a b i l i t y  
Seasons compared Value freedom (P 1 

Sma 1 lmou t h bass  

Summer 1980 - F a l l  1980 
Summer 1980 - Winter 1980 
Summer 1980 - Spring 1981 
Summer 1980 - Summer 1981 
F a l l  1980 - Winter 1980 
F a l l  1980 - Spring 1981 
F a l l  1980 - Summer 1981 
Winter  1980 - Spr ing  1981 
Winter 1980 - Summer 1981 
Spr ing  1981 - Summer 1981 

Winter 1980 - Summer 1981 

129.7 
55.5 

278.5 
111.7 

21.2 
94.6 
33.6 
90.1 
20.0 
56.9 

Ozark b a s s  

24.3 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

11 

Smallmouth bass  and Ozark bass  

Summers 1981 
Winters 1980 

26.2 11 
9.1 11 

P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 

P < 0.025 

P < 0.010 
*P > 0.500 

* Not s i g n i f i c a n t  a t  0.05. 



Table  12. Frequency of occurrence  and percentage  of 
t o t a l  c a p t u r e s  of Ozark bass  a t  d i f f e r e n t  water 
v e l o c i t i e s  dur ing  winter 1980 and summer 1981. 

Winter 1980 Summer 1981 
Vel o c i  t y  % of % of 

(cuds> N Tot a1 N T o t a l  

0 

0 1-05 

06-10 

11-1 5 

16-20 

2 1-2 5 

2 6-3 0 

3 1-3 5 

3 6-4 0 

4 1-4 5 

46-50 

5 1+ 

T o t a l  

48 

22 

24 

10 

3 

1 

1 

1 

1 

0 

1 

0 

112 

42.9 

19.6 

21.4 

8.9 

2.7 

0.9 

0.9 

0.9 

0.9 

0.0 

0.9 

0.0 

100.0 

17 1 

66 

75 

60 

26 

32 

21 

13 

13 

7 

1 

8 

493 

34.7 

13.4 

15.2 

12.2 

5.3 

6.5 

4.3 

2.6 

2.6 

1.4 

0.2 

1.6 

100.0 

Median (cm/s> 3 
Mean (cm/s> 5.4 

25% t i l e  ( c m / s >  0 
Range (cm/s> 0-4 7 

75% t i l e  (cm/s> 8 

6 
10.2 
0-60 

0 
14 
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v e l o c i t i e s  u t i l i z e d  by Ozark bass  i n  winter and t h o s e  u t i l i z e d  du r ing  

summer (Table 11). Both t h e  mean and median v e l o c i t i e s  u t i l i z e d  i n  

summer, 60 c m / s  and 10.2 cm/s r e s p e c t i v e l y ,  were nea r ly  double t h o s e  

u t i l i z e d  i n  w i n t e r ,  3.0 c m / s  and 5.4 c m / s .  Ozark bass  i n  w i n t e r  seemed 

t o  p r e f e r  lower v e l o c i t i e s  t han  they  d i d  i n  summer. 

S u b s t r a t e  

Smallmouth Bass. During summer 1980, t h e  l a r g e s t  percentage  

(16.4%) of a l l  smallmouth bass  c a p t u r e s  occurred  over  bedrock (Appendix 

E ,  Table  57). U t i l i z a t i o n  of cobble-boulder (11.7%), boulder-bedrock 

(11.0%) and boulder  (10.5%) were t h e  n e s t  h i g h e s t .  When t h e  42 p o s s i b l e  

combinations of s u b s t r a t e  t ypes  were combined i n t o  n i n e  broad c a t e g o r i e s  

(Table  13)  and reana lyzed ,  boulder was t h e  most p r e f e r r e d  s u b s t r a t e ;  

w i t h  45.2% of a l l  smallmouth bass  c a p t u r e s  occur r ing  over  t h i s  

s u b s t r a t e .  Bedrock (37.3%) and cobble (29.3%) were t h e  next most common 

s u b s t r a t e s  a t  s i tes  of capture .  D e t r i t u s  w a s  t h e  least p r e f e r r e d  

s u b s t r a t e  (1.4%). 

c a p t u r e  l o c a t i o n s  and i n  7 3  of t h e  110 c a p t u r e s  a t  those  l o c a t i o n s ,  it 

occurred  only as a l i g h t  cover ing  over  cobble,  boulder ,  o r  bedrock. 

S i l t  was a s u b s t r a t e  occurred  a t  only 14.5% of a l l  

I n  f a l l ,  t h e  l a r g e s t  percentage  of smallmouth bass  were found over  

bedrock (24.7%) wi th  boulder-bedrock t h e  second most p r e f e r r e d  s u b s t r a t e  
: - .  

and cobble-boulder t h e  t h i r d .  Bedrock was a l s o  t h e  p r e f e r r e d  s u b s t r a t e  

when t h e  i n d i v i d u a l  s u b s t r a t e s  were combined; n e a r l y  60% of a l l  

smallmouth bass  captured  dur ing  t h e  f a l l  were found over  bedrock o r  some 

bed rock combination. 

Although t h e  p r e f e r r e d  s u b s t r a t e  t ypes  (bedrock, boulder-bedrock, 

and cobble-boulder) remained t h e  same i n  w i n t e r  as i n  f a l l ;  t h e r e  w a s  a 
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r e d u c t i o n  i n  t h e  use  of t h e s e  s u b s t r a t e s  and a g r e a t e r  frequency of 

occurrence  of smallmouth bass over  s i l t  and sand. These changes 

probably r e f l e c t  t h e  movement of bass  i n t o  deeper ,  lower-ve loc i ty  water 

du r ing  t h e  win te r .  Winter was t h e  only season  t h a t  bass  were not 

cap tu red  over  d e t r i t u s  and may i n d i c a t e  t h a t  bass  only fo rage  over  

d e t r i t a l  covered areas. 

In s p r i n g ,  boulder-bedrock became t h e  p r e f e r r e d  s u b s t r a t e  w i th  

26.8% of a l l  smallmouth bass  being captured  over  t h i s  s u b s t r a t e  type. 

Bedrock w a s  second and boulder  was t h i r d  i n  u t i l i z a t i o n .  Overa l l ,  use 

of boulder equaled t h a t  of bedrock i n  t h e  combined s u b s t r a t e  c a t e g o r i e s  

bu t  use  of cobble and s i l t  s u b s t r a t e s  decreased. 

H a b i t a t  p re fe rences  i n  summer 1981 (Table  13) were not  t h e  same as 

t h o s e  observed dur ing  t h e  p rev ious  summer ( P  < 0.005) and i n  f a c t  

s u b s t r a t e  use  i n  each season  d i f f e r e d  s i g n i f i c a n t l y  from t h a t  i n  any 

o t h e r  season  (Table  14). 

During summer 1981, cobble-boulder (Table  14) w a s  t h e  most common 

s u b s t r a t e  used by smallmouth bass ,  w i th  20.9% of a l l  c a p t u r e s  occur r ing  

ove r  t h i s  s u b s t r a t e  type.  Bedrock use  was only  12.8%, boulder  only 

11.1% and boulder-bedrock w a s  9 .3%.  When a l l  42  s u b s t r a t e  combinations 

were reduced t o  n i n e  s u b s t r a t e  c a t e g o r i e s ,  cobble  (37.8%) and boulder  

(36.0%) were t h e  two most impor tan t  s u b s t r a t e  c a t e g o r i e s  followed i n  

importance by bedrock (26.2%) and g r a v e l  (20.1%). The major d i f f e r e n c e  

between summer 1980 and 1981 w a s  that i n  1981 smallmouth bass  were less 

r e s t r i c t e d  t o  boulder and bedrock s u b s t r a t e s  and more evenly used 

g r a v e l ,  cobble ,  boulder  and bedrock. 

Ozark Bass. During t h e  w i n t e r ,  most Ozark bass  used bedrock and 

bou lde r  s u b s t r a t e s  (Table  15, Appendix E ,  Table  58). In summer 1981, 



Table  13. Seasonal f requency  of occurrence  and percentage  of t o t a l  cap tu res  of smallmouth bass  
o v e r  v a r i o u s  s u b s t r a t e  t ypes  i n  Buf fa lo  R ive r ,  Arkansas. 

Summer 1980 F a l l  1980 Winter 1980 Spr ing  1981 Summer 1981 

S u b s t r a t e  N T o t a l  N T o t a l  N T o t a l  N T o t a l  N T o t a l  
% of % of % of % of % of 

S i l t  110 14.5 61  16.4 44 23.7 20 12.2 16 9.3 

Sand 34 4.5 5 1.3 9 4.8 15 9.1 12 7.0 

Pebble 44 5.8 7 1.9 3 1.7 16 9.8 7 4.1 

G r  ave 1 137 18.0 67 18.0 18 10.0 11  6.7 36 20.1 

Cobble 223 29.3 102 27.4 47 25.3 30 18.3 65 37.8 

Boulder 344 45.2 159 42.7 73  39.2 87 53.0 62 36.0 

Bedrock 284 37.3 222 59.7 102 54.8 86 52.4 45 26.2 

D e t r i t u s  11 1.4 4 1.1 0 0 8 4.9 4 2.3 

Vege ta t ion  17 2.2 1 0.3 4 2.2 3 1.8 9 5.2 

Tot a1 761 372 186 164 172 
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Table 14. Seasonal chi-square v a l u e s ,  degrees  of freedom and 
p r o b a b i l i t y  v a l u e s  of tes ts  of d i f f e r e n c e s  i n  s u b s t r a t e  d i s t r i b u t i o n  
of A )  smallmouth bass ,  B )  Ozark bass ,  and C )  smallmouth bass  and Ozark 
bass.  

X2 Degrees of P r o b a b i l i t y  
Seasons compared Value freedom (P 1 

Sma 1 lmou t h bas s 

Summer 1980 - F a l l  1980 
Summer 1980 - Winter 1980 
Summer 1980 - Spr ing  1981 
Summer 1980 - Summer 1981 
F a l l  1980 - Winter 1980 
F a l l  1980 - Spr ing  1981 
F a l l  1980 - Summer 1981 
Winter 1980 - Spr ing  1981 
Winter 1980 - Summer 1981 
Spr ing  1981 - Summer 1981 

Winter 1980 - Summer 1981 

48.5 
35.1 
41.1 
24.1 
23.7 
65.8 
69.3 
34.5 
50.0 
51.1 

Ozark bass  

14.5 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 

P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 

*0.05 < P < 0.10 

Smallmouth bass  and Ozark bass  

Summers 1981 
Winters 1980 

32.9 8 P < 0.050 
6.3 8 *P < 0.500 

~~ ~~ ~~ ~~ 

* Not s i g n i f i c a n t  a t  0.05. 
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Table  15. Frequency of occurrence and percentage of 
t o t a l  c a p t u r e s  of Ozark bass  over  d i f f e r e n t  
s u b s t r a t e  t y p e s  dur ing  w i n t e r  1980 and summer 
1981. 

Winter  1980 
% of 

S u b s t r a t e  N T o t a l  

Summer 1981 
% of 

N T o t a l  

S i l t  18 

Sand 3 

Peble  2 

Grave 1 11 

Cobble 30 

B ou 1 d e r  41 

Bedrock 46 

D e t r i t u s  1 

~ ~~ 

18.0 

3.0 

2.0 

11.0 

30.0 

41.0 

46.0 

1.0 

~ ~~ 

36 

17 

23 

52 

96 

213 

168 

5 

7.3 

3.4 

4.7 

11.2 

19.7 

43.2 

34.9 

1.0 

Vegeta t ion  4 4.0 31 6.3 
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boulder  became t h e  most p r e f e r r e d  s u b s t r a t e .  

C o e f f i c i e n t  of Condi t ion 

Smallmouth Bass 

D e f i n i t e  s easona l  v a r i a t i o n  occurred i n  t h e  c o e f f i c i e n t  of 

cond i t ion ,  K,  of smallmouth bass  i n  t h e  Buf fa lo  River .  The o v e r a l l  mean 

K va lue  was h ighes t  dur ing  t h e  summer of 1980 (1.45) (Table  16).  

Following t h i s  high,  t h e  c o n d i t i o n  of t h e  popu la t ion  dec l ined  wi th  each 

season  u n t i l  i t  reached a low of 1 . 1 3  dur ing  t h e  win ter .  The 

c o e f f i c i e n t  of c o n d i t i o n  then  inc reased  during t h e  s p r i n g  and summer of 

1981. However, t h e  cond i t ion  f a c t o r  f o r  t h e  summer 1981 popu la t ion  

(1.281, w a s  not  as h igh  as t h a t  f o r  t h e  popu la t ion  i n  t h e  prev ious  

summer. I n  f a c t ,  t h e  cond i t ion  of t h e  bass  i n  summer 1981 w a s  

comparable t o  t h a t  found t h e  prev ious  f a l l .  It should  be a l s o  noted 

t h a t  t h e  cond i t ion  i n  s p r i n g  w a s  not  as high as i n  t h e  f a l l .  

Except f o r  t h o s e  bas s  less than  100 mm, c o n d i t i o n  f a c t o r s  tended t o  

i n c r e a s e  wi th  l e n g t h  (Table  1 7 )  from f a l l  1980 t o  summer 1981. During 

summer 1980, K decreased  w i t h  i n c r e a s i n g  length .  For t h e  pe r iod  from 

f a l l  t o  summer 1981, bas s  between 101 and 200 mm were i n  poorer  

c o n d i t i o n  than  bass  i n  l a r g e r  o r  smaller l e n g t h  classes. 

Smallmouth bass  a t  s i t e  7 were i n  much b e t t e r  c o n d i t i o n  than  bass  

a t  o t h e r  s i tes  dur ing  both summers (F igu re  3 ,  Appendix F ) .  The 

d i f f e e n c e  between s i t e  7 and o t h e r  si tes was not  as g r e a t  dur ing  summer 

1980 as i t  was i n  1981. During f a l l  and s p r i n g ,  b a s s  a t  s i t e  6 

e x h i b i t e d  t h e  h i g h e s t  K va lues ,  a l though r a t h e r  h igh  K va lues  a l s o  

occurred a t  s i tes  1 and 5 dur ing  f a l l .  Condi t ion  f a c t o r s  a t  s i t e  10 

averaged 1.77 dur ing  w i n t e r  and a t  t h a t  t i m e  were much h i g h e r  t han  
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Table 16. Seasonal c o e f f i c i e n t s  of cond i t ion ,  K ,  f o r  smallmouth bass 
and Ozark bass  i n  Buf fa lo  R ive r ,  Arkansas. 

Spec ie s  
Sample 95% Confidence 

Season s i z e  K i n t e r v a l  

Smal lmou rh  bass  Summer 1980 7 09 1.45 1.39 - 1.51 

F a l l  1980 542 1.33 1.27 - 1.39 

Winter 1980 440 1.13 1.11 - 1.15 

Spr ing  1981 372 1.19 1.17 - 1.21 

Summer 1981 27 5 1.28 1.22 - 1.34 

Ozark bass  Summer 1980 1092 2.16 2.10 - 2.22 

F a l l  1980 28 7 1.94 1.86 - 2.02 

Winter 1980 340 1.74 1.70 - 1.78 

Spr ing  1981 300 1.93 1.89 - 1.97 

Summer 1981 791 2.03 1.87 - 2.19 



Table 17. Condi t ion f a c t o r s ,  K ,  by s i z e  and season  f o r  smallmouth bass i n  Buffa lo  
River ,  Arkansas. Numbrs i n  parentheses  r e p r e s e n t  t h e  95% confidence i n t e r v a l s  f o r  
t h e  mean. 

To ta l  
l e n g t h  Season 

(mm> Summer 1980 F a l l  Winter Spring Summer 1981 

5 1-100 2.17 N=115 
(1.89-2.45) 

1.98 N=94 
( 1.7 6-2.20) 

1.22 N=99 
(1.14-1.30) 

1.30 N=94 
(1.22-1.38) 

1.30 N=36 
(1.10-1.50) 

101-1 50 1.53 N=110 
(1.40-1.66) 

1.13 N=179 
( 1.07-1.19) 

1.02 N=129 
( 0.9 8-1.06) 

1.09 N = 1 1 8  
(1.05-1.13) 

1.12 N=64 
(1.06-1.18') 

151-200 1.35 N=103 
(1.27-1.43 

1.22 N=106 
(1.16-1.28) 

1.08 N-93 
(1.06-1.10) 

1.15 N=66 
(1.09-1.21) 

1.14 N=42 
(1.08-1.20) 

201-250 1.24 N=155 
( 1.20-1.28) 

1.24 N=69 
(1.18-1.30) 

1.20 N-35 
(1.14-1.26) 

1.15 N=32 
(1.07-1.23) 

1.19 N=59 
(1.13-1.25) 

2 5 1-300 1.23 N=121 
(1.20-1.26) 

1.24 N=55 
(1.20-1.28) 

1.14 N=39 
(1.10-1.18) 

1.23 N=25 
(1.17-1.29) 

1.24 N=30 
(1.20-1.28) 

301-350 1.24 N=69 
(1.19-1.29) 

1.29 N=32 
(1.21-1.37) 

1.28 N=21 
(1.22-1.34) 

1.29 N=17 
(1.23-1.35) 

1.18 N=16 
(1.01-1.35) 

351-400 1.24 N=22 
(1.20-1.28) 

1.19 N = 3  
(0.89-1.49) 

1.30 N = 1 3  
(1.17-1.43 

1.39 N = l l  
(1.30-1.48) 

1.35 N=4 
(1.25-1.45) 



Table 17. Continued. 

Tot a1 
l e n g t h  Season 
(mm) Summer 1980 F a l l  Winter Spring Summer 1981 

401-450 1.30 N=15 1.40 N = l  1.13 N=5 1.44 N=7 1.31 N = 8  
(1.23-1.37) - (1.06-1.56) (1.24-1.64) (1.22-1.40) 

45 1-500 1.27 N = 8  1.38 N=2 1.37 N=6 1.30 N=2 1.35 N = l  
( 1.18-1.36) (0.87-1.89) (1.29-1.95) (0.79-1.81) - 

The high K va lues  c a l c u l a t e d  f o r  bass  l e s s  than  100 mm TL during summer 1980 and f a l l  
w a s  due t o  sampling e r r o r  i n  measuring t h e  weight of smal l  bass. The inaccurac i e s  were 
c o r r e c t e d  by t h e  use of a s c a l e  t h a t  was more accu ra t e  f o r  smal le r  f i s h  during t h e  
remaining t h r e e  seasons . 
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Figure 3. Variation in coefficient o f  condition, K, for small- 
mouth bass and Qzark bass by season and site far Buffalo River, 
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t h o s e  a t  t h e  o t h e r  sites. 

Ozark Bass 

The h i g h e s t  K va lues  f o r  Ozark bass  occurred i n  summer; t h e  lowest 

occur red  i n  win te r  (Table  16).  Unlike K va lues  i n  smallmouth bass  

however, sp r ing  cond i t ion  c o e f f i c i e n t s  were very similar t o  those  i n  t h e  

f a l l .  

There w a s  no t r end  i n  Ozark bass  f o r  K t o  i n c r e a s e  w i t h  l e n g t h  o r  

s i z e  as t h e r e  w a s  w i th  smallmouth bass  (Table  18) .  During both summers, 

t h e  51-100 mm size-group had a h ighe r  K t han  any o t h e r  group; however i n  

t h e  w i n t e r ,  bass  i n  t h e  s i z e  range of 51 mm t o  150 mm had t h e  lowest  K. 

A l l  s i z e  classes i n  t h e  summer of 1981 had lower K t han  similar s i z e  

classes of summer 1980. The l a r g e s t  d i f f e r e n c e s  occurred i n  Ozark bass  

less than  201 mm TL. 

During t h e  summer of 1980, f i s h  a t  sites 7 and 1 2  were t h e  only 

ones w i t h  b e t t e r  t han  average K f a c t o r s  (F igu re  3 ) .  

f i s h  a t  s i tes  1 and 5 were i n  b e t t e r  cond i t ion  and those  a t  s i t e  7 were 

i n  poorer  c o n d i t i o n  than  f i s h  a t  o t h e r  sites. S i t e  5 a l s o  had a high K 

f a c t o r  i n  t h e  f a l l  as d id  si tes 1 and 6. During t h e  w i n t e r ,  s i t e  10 had 

During summer 1981, 

t h e  h ighe r  K f a c t o r  of any s i te ,  j u s t  as i t  d id  f o r  smallmouth bass .  

Seasonal  K f a c t o r s  f o r  Ozark bass  f o r  each s i t e  are provided i n  Apprndix 

F f o r  Ozark bass.  

Age and Growth 

Smal lmou t h Bass 

Growth rates f o r  smallmouth bass  from summer 1981 were s lower than  

t h o s e  from summer 1980 (Table  19, Appendix G) .  In a d d i t i o n ,  growth 



Table  18. Condi t ion  f a c t o r s ,  K ,  by s i z e  and season f o r  Ozark bass  i n  Buf fa lo  R ive r ,  
Arkansas. Numbers i n  parentheses  r e p r e s e n t  t h e  95% confidence i n t e r v a l s  f o r  the 
m e  an. 

Tot a1 
l e n g t h  Season 

(mm) Summer 1980 F a l l  Winter Spring Summer 1981 

- < 51 - 1.46 N=2 
(0.06-2.86) 

2.05 N = 1  2.37 N=9 
(1.77-2.97) 

3.08 N = 5  
(0.92-5.24) 

5 1-1 00 3.47 N = 1 1 8  
(3.11-3.83) 

2.05 N=48 
(1.81-2.29) 

1.69 N-125 
(1.61-1.77) 

1.96 N=71 
(1.86-2.06) 

2.10 N=134 
(1.94-2.26) 

101-1 50 2.07 N=235 
(1.95-2.19) 

1.95 N=63 
(1.73-2.17) 

1.64 N=60 
(1.58-1.70) 

1.79 N=47 
(1.7 1-1.87) 

1.85 N=251 
(1.75-1.95) 

151-200 1.96 N=499 
( 1.94-1.98) 

1.92 N=113 
(1.84-2.00) 

1.79 N=96 
(1.77-1.81) 

1.91 N=103 
(1.87-1.95) 

1.86 N=222 
(1.82-1.90) 

201-250 1.92 N=226 
(1.88-1.96) 

1.92 N=57 
(1.84-2.00) 

1.94 N=66 
( 1 86-2.02) 

1.83 N=56 
(1.73-1.93) 

1.89 N=165 
(1.87-1.91) 

2 51-300 1.98 N=12 
(1.78-2.18) 

1.75 N=4 
(1.02-2.48) 

2.07 N=2 
(0.00-4.23) 

2.00 N=4 
(1.71-2.29) 

1.84 N = l l  
(1.51-2.17) 

F- 
W 



Table  19. Size  a t  age of smallmouth bass  as c a l c u l a t e d  from seasona l  ca t ch  d a t a  i n  
Buf fa lo  R ive r ,  Arkansas. Sample s i z e  i s  i n  parentheses .  

Season 
Mean c a l c u l a t e d  t o t a l  l e n g t h  (mm) a t  each annulus 

I I1 I11 IV V VI VI I VI11 

Summer 1980 125.5 178.6 229.0 275.2 328.2 360.8 407.1 449.9 
( 4 7 2 )  ( 3 7 4 )  ( 2 3 7 )  ( 9 9 )  ( 4 1 )  ( 1 8 )  ( 7 )  ( 1 )  

F a l l  1980 

Winter 1980 

130.1 179.2 , 228.7 269.1 316.6 376.8 413.0 
( 2 7 1 )  ( 1 8 8 )  ( 9 7 )  ( 3 5 )  ( 5 )  ( 3 )  ( 3 )  

100.5 155.0 217.7 271.9 343.4 394.1 423.6 445.9 
( 2 1 0 )  ( 1 4 0 )  ( 7 5 )  ( 3 1 )  ( 8 )  ( 2 )  ( 3 )  ( 3 )  

Spr ing  1981 99.4 159.1 214.0 273.3 317.5 383.6 424.4 
( 1 8 7 )  ( 1 2 0 )  ( 6 8 )  ( 3 8 )  ( 1 5 )  ( 6 )  ( 1 )  

Summer 1981 95.0 150.9 201.0 237.8 295.3 355.6 384.7 406.7 
( 1 7 4 )  ( 1 0 8 )  ( 7 9 )  ( 3 7 )  ( 2 3 )  ( 6 )  ( 1 )  ( 1 )  
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rates f o r  ages  I ,  I1 and 111 f i s h  from w i n t e r  and s p r i n g  were slower 

than  those  f o r  summer 1980 and f a l l .  

S u f f i c i e n t  d a t a  f o r  comparing growth rates between si tes were 

a v a i l a b l e  only f o r  t h e  summer of 1980. Age I f i s h  from s i tes  7 ,  4 ,  8 ,  

2 ,  and 1 2  grew t h e  l eas t  (Table  20) and those  from s i tes  9, 10,  5 ,  6, 

11, and 1 grew t h e  f a s t e s t .  Growth a t  a l l  s i tes  exceeded t h e  North 

American average c i t e d  by Carlander  (1977).  For age 111 f i s h ,  s lowest  

growth occurred a t  si tes 4 and 3 ,  whereas growth a t  si tes 5,  9, 10,  and 

6 w a s  f a s t e r  t han  a t  o t h e r  sites on t h e  r i v e r  as w e l l  as being f a s t e r  

t han  t h e  n a t i o n a l  avaerage. For age V f i s h ,  growth a t  s i t e  4 w a s  t h e  

s lowes t  whereas t h a t  a t  s i tes  8, 6 ,  and 7 w a s  t h e  f a s t e s t .  

Ozark Bass 

Growth rates i n  a l l  age c l a s s e s  of Ozark bass  were g r e a t e r  i n  

summer 1981 (Table  21)  t h a n  i n  summer 1980. This  w a s  t h e  oppos i t e  of 

what occurred i n  smallmouth bass  popula t ions .  

During summer 1980, growth a t  s i tes  1, 5,  7 ,  10 ,  and 11 was t h e  

f a s t e s t  (Table  22) whereas t h a t  a t  s i tes  8 and 6 w a s  t h e  s lowest .  

However, slow growth a t  s i t e  6 cont inued only through age V .  Only a few 

Ozark bass  were a v a i l a b l e  f o r  age and growth a n a l y s i s  from Calf Creek. 

Those f i s h ,  however, had much s lower growth than  those  from l o c a t i o n s  on 

t h e  main r i v e r .  

During summer 1981, Ozark bass  a t  si tes 10, 6 ,  and 5 (Table  23)  had 

t h e  fastest  o v e r a l l  growth rates and those  from s i tes  1 and 3 had The 

s lowest .  However, growth of f i s h  a t  s i t e  5 w a s  slow f o r  f i s h  of ages I 

and 11. 

Another anomaly a l s o  occurred i n  t h e  d a t a  a t  s i t e  1. I n  1980, f i s h  
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Table 20. Size a t  age of smallmouth bass as determined from f i s h  caught 
dur ing  t h e  summer of 1980 a t  12 si tes  i n  Buffa lo  River ,  Arkansas. 
Sample s i z e  i s  i n  parentheses .  

S i t e  
Mean c a l c u l a t e d  t o t a l  l eng th  (mm) a t  each annulus  
I I1 111 IV V VI V I 1  VI11 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

12  

North 
American avg. 
(Coble 1975)  

159 207 240 300 362 430 
( 3 4 )  ( 2 0 )  ( 6 )  ( 3 )  ( 2 )  ( 2 )  

186 238 286 308 343 410 450 
( 4 0 )  ( 2 3 )  ( 1 0 )  (5) ( 2 )  ( 1 )  ( 1 )  

175 231 268 302 365 409 436 
( 2 8 )  ( 1 6 )  ( 9 )  ( 2 )  ( 2 )  ( 2 )  ( 1 )  

191 242 282 322 374 
( 4 3 )  ( 3 4 )  ( 1 7 )  (5) ( 3 )  

181 225 268 318 
( 3 4 )  ( 2 4 )  ( 8 )  ( 3 )  

179 
( 3 )  

168 230 275 318 353 375 398 
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Table 21. Size  a t  age of Ozark bass  c a l c u l a t e d  from seasona l  ca t ch  
d a t a  in Buf fa lo  R ive r ,  Arkansas. 

Season 
Mean c a l c u l a t e d  t o t a l  l e n g t h  (mm) a t  each annulus 
I I1 I11 IV V VI V I 1  VI11 

~~~ 

Summr 1980 90.4 117.1 148.6 178.6 209.7 228.2 256.4 

F a l l  1980 107.2 128.9 157.4 182.7 209.8 243.6 

Winter 1980 59.4 94.7 138.4 171.5 194.7 211.4 

Spr ing  1981 53.4 93.5 138.0 170.1 182.9 206.4 

Summer 1981 51.4 91.7 135.9 172.2 197.7 224.0 231.0 
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Table 22. Size  a t  age of Ozark bass  as determined from f i s h  caught 
' dur ing  t h e  summer of 1980, a t  12 sties i n  Buf fa lo  River ,  Arkansas. 

Sample s i z e  i s  i n  parentheses .  

S i t e  
Mean c a l c u l a t e d  t o t a l  l e n g t h  (mm) a t  each annulus  
I I1 111 I V  v VI VI1 VI11 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

12 

122.0 
(33) 

(54) 
114.4 

118.9 
(28) 

119.0 
(44) 

(101 1 
120.9 

111.0 
(186) 

120.0 
(21) 

115.2 
(82 1 

116.3 
(55) 

(37) 

124.0 
(64) 

124.5 

187.4 
(9) 

184.4 
(14) 

182.1 
(8 1 

189.8 
(16) 

185.3 
(30) 

171.6 
(66) 

192.4 
(7) 

174.3 
(33) 

177.2 
(29) 

175.6 
(15) 

179.0 
(25) 

222.4 
(4) 

(7) 

(3) 

(3) 

213.4 
(8) 

210.9 
(24) 

(2) 

(4  1 

195.8 
(8) 

198.9 

217.7 

209.7 

215.4 

220.7 

205.4 

(2 )  

(7) 
201.9 
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Table 23. Size  a t  age of Ozark bass  as determined from f i s h  caught 
dur ing  t h e  summer of 1981, a t  12 s i tes  i n  Buffa lo  River ,  Arkansas. 
Sample s i z e  i s  i n  parentheses .  

Mean c a l c u l a t e d  t o t a l  l e n g t h  (mm) a t  each annulus  
I I1 111 IV V VI VI I S i t e  

84.7 
(25) 

1 43.1 
(28) 

123.7 
(21) 

154.9 
(14) 

184.4 
(10) 

208.5 
(2) 

2 50.1 , 

(57) 
89.0 

(51) 
134.2 
(40) 

171.1 
(33) 

196.5 
(10) 

219.4 
(3 )  

3 50.3 
(9 )  

88.4 
(9) 

119.0 
(7 )  

152.3 
(2 )  

202.2 
(1) 

4 50.2 
(16) 

88.6 
(14) 

137.8 
(10) 

173.0 
(5 )  

5 50.0 
(60)  

92.4 
(48) 

146.2 
(21) 

185.7 
(14) 

208.3 
(3 )  

6 51.2 
(68) 

86.3 
(61  1 

140.4 
(27 1 

186.3 
(23) 

218.1 
(4 )  

232.9 
(1) 

7 50.0 
(51)  

93.0 
(42) 

138.3 
(20) 

176.9 
(13) 

206.8 
(7 )  

8 49.6 
(63) 

90.0 
(59) 

132.5 
(25) 

166.0 198.2 225.1 
(15) (7) (1) 

9 53.4 
(49) 

95.2 
(48) 

157.5 197.4 
(15) (3 )  

132.9 
(24) 

102.3 
(24) 

147.9 
(12) 

191.8 213.0 231.8 
(7 )  (2) (1) 

95.4 
(83) 

137.7 
(32) 
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a t  t h i s  s i t e  grew f a s t e r  t h a n  a t  a l l  o t h e r  s i tes,  b u t  they had t h e  

s lowes t  growth i n  1981. Ac tua l ly ,  growth remained cons t an t  a t  s i t e  1 

and inc reased  a t  a l l  o t h e r  si tes.  

Food Hab i t s  and A v a i l a b i l i t y  

Food Hab i t s  

U n t i l  they  reached a s i z e  of up t o  300 mm TL smallmouth bass  f ed  

p r i m a r i l y  on f i s h .  A t  l a r g e r  s i z e s  they f e d  p r i m a r i l y  on c r a y f i s h  

(Table  24). Smallmouth bass  between 101 mm and 200 mm conta ined  f i s h  i n  

72.1% of a l l  stomachs; i n s e c t s  were t h e  second most common i t e m  (27.9%), 

and c r a y f i s h  were t h i r d .  For f i s h  between 201 mm and 300 mm TL, f i s h  

w a s  t h e  most common food i t e m  bu t  c r a y f i s h  had rep laced  i n s e c t s  as t h e  

second-most common food i t e m .  For f i s h  over  300 mm TL, i n s e c t s  were not 

found i n  any stomachs and c r a y f i s h  rep laced  f i s h  as t h e  most common food 

i t e m .  

S i m i l a r  t r e n d s  occurred i n  t h e  food h a b i t s  of Ozark bass  (Table 

24).  

(48.7% of a l l  stomachs),  t hen  c r a y f i s h  (35.9%). For f i s h  between 101 mm 

and 150 mm, c r a y f i s h  rep laced  i n s e c t s  as t h e  most common d i e t  i t e m  but 

bo th  f i s h  and i n s e c t s  were p resen t  i n  about e q u a l  p ropor t ions .  Cray f i sh  

dominated t h e  d i e t  (85% of a l l  stomachs) i n  Ozark bass  l a r g e r  t han  

150 mm TL. 

Ozark bass  from 51 mm t o  100 mm TL f e d  most commonly on i n s e c t s  

F i shes  i d e n t i f i e d  from smallmouth bass  stomachs belonged t o  f i v e  

genera:  Etheostoma, Lepomis, Not ropis ,  Campostoma, and Cot tus .  The 

predominant a q u a t i c  i n s e c t s  i n  t h e  d i e t  of smallmouth bass  were mayf l ies  

(Ephemeroptera). Ozark bass  f ed  p r i m a r i l y  on Not ropis  bu t  two 

Etheostoma s p e c t a b i l e  were found i n  t h e  stomachs. Ozark bass  f ed  more 
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Table 24. Stomach con ten t s  (summer 1981) of smallmouth bass  and Ozark 
bass  captured  by e l ec t roshock ing  from 11 sites i n  Buffa lo  R ive r ,  
Arkansas. 

Smallmouth bass  ( t o t a l  l e n g t h )  
< 100 mm 101-200 mm 201-300 mm 301 mm 

Number sampled 50 102 87  28 

Empty stomachs 10 (20.0%) 34 (33.3%) 25 (28.7%) 10 (35.7%) 

Crayf i sh  2 (5.0%) 9 (13.2%) 31 (50.0%) 13 (72.2%) 

F i s h  6 (15.0%) 49 (72.1%) 40 (64.5%) 6 (33.3%) 

I n s e c t s  3 (7.5%) 19 (27.9%) 6 (9.8%) 0 -  

Unknown 31 (77.5%) 3 (4.4%) 1 (1.6%) 0 -  

Ozark bass  ( t o t a l  l e n g t h )  
101-150 mm 151+ mm 51-100 mm 

Number sampled 125 2 50 39 1 

Empty stomachs 86 (68.8%) 109 (43.6%) 131 (33.5%) 

Crayf i sh  14 (35.9%) 88 (62.4%) 220 (84.6%) 

F i s h  7 (17.9%) 27 (19.1%) 31 (11.9%) 

I n s e c t s  19 (48.7%) 29 (20.6%) 21 (8.1%) 

Unknown 1 (2.3%) 6 (4.3%) 2 (0.8%) 
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on i n s e c t s  t h a n  d id  smallmouth bass  and a l s o  took a wider v a r i e t y  of 

prey. Mayf l ies  were t h e  most common a q u a t i c  i n s e c t  taken  but 

p l e c o p t e r a ,  t r i c o p t e r a ,  d i p t e r a ,  c o l e o p t e r a ,  and odonata a l s o  were 

p resen t .  Nine of t h e  21 insec ts  found i n  t h e  stomachs of Ozark bass  

g r e a t e r  t han  151 mm TL were dobsonfly larvae (Megaloptera). 

Food A v a i l a b i l i t y  

S i t e  10  had t h e  h i g h e s t  d e n s i t y  of f o r a g e  f i s h  w i t h  197.7 f i s h / l O  

s e i n e  hauls  (Table 25) whereas s i t e  2 had the lowes t  w i t h  only 51.1 

f i s h / l O  s e i n e  hauls .  Cray f i sh  d e n s i t i e s  were h i g h e s t  a t  s i t e  12 (Table 

25). However, s i t e  2 had t h e  h i g h e s t  d e n s i t y  of any of t h e  r i v e r  s i tes  

(8.0/m2). 

9 (0.3/m2) and s i t e  10 (0.7/m2). 

The lowes t  c r a y f i s h  d e n s i t i e s  were found on t h e  r i v e r  a t  s i t e  

This  s tudy  d i d  no t  i n c l u d e  sampling of the a q u a t i c  i n v e r t e b r a t e  

popu la t ions  a t  each s i te .  However, Gel tz  and Kenny (1982) sampled 

a q u a t i c  i n v e r t e b r a t e s  a t  t h e s e  s i t e s  t h e  fo l lowing  y e a r  and g e n e r a l l y  

found a s imi la r  t r e n d  i n  r e l a t i v e  d e n s i t y  of a q u a t i c  i n v e r t e b r a t e s  

between si tes as I found w i t h  r e l a t i v e  d e n s i t y  of fo rage  f i s h  (F igu re  

4 ) .  

Reproduction 

The number of smallmouth and Ozark bass  f r y  p e r  t e n  s e i n e  h a u l s  

was used as a n  e s t i m a t o r  of r ep roduc t ion  o c c u r r i n g  a t  each s i te .  In 

1980, s i t e  10 had t h e  h i g h e s t  d e n s i t y  of smallmouth bass  f r y  w i t h  14 

f r y / l 0  s e i n e  hau l s  (Table  26). In 1981, s i t e  6 had t h e  h i g h e s t  number 

w i t h  19 f r y / l 0  s e i n e  hau l s  and s i t e  10 had one of t h e  lowest w i t h  only 

1 f r y / l 0  s e i n e  hauls .  In 1981, s i t e  6 a l s o  produced the most Ozark bass  
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Table  25. R e l a t i v e  densc ty  of fo rage  f i s h  (August- 
September 19811, and c r a y f i s h  (September) a t  12 s tudy  
s i t e s  i n  Buf fa lo  River ,  Arkansas, du r ing  1981. 

Forage f i s h  Cray f i sh  
S i t e  no. No. of s p e c i e s  N / 1 0  s e i n e  h a u l s  N/m2 

1 

2 

8 

9 

10  

11 

12 

X 
- 

14 

10 

18 

15 

19 

24 

15 

14 

15 

17 

18 

12 

15.9 

114.5 4.3 

51.1 8.0 

103.3 5.2 

145.2 1.6 

61.8 4.5 

162.7 3.7 

119.3 0.9 

93.5 1.7 

78.2 0.3 

197.7 0.7 

169.9 1.6 

82.9 15.4 

117.6 4.0 
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4-4 Forage fish 
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Figure 4. Relative density of forage fish, crayfish and aquatic inverte- 
brate populations at 12 sites on the Buffalo River, Arkansas, 



Table 26. Density of smallmouth bass  and 
Ozark bass  f r y  a t  12 s i t e s  w i t h i n  Buffa lo  
R ive r ,  Arkansas. 

Densi ty  (N/10 s e i n e  h a u l s )  
Smallmouth bass  Ozark bass  

S i t e  no. 1980 1981 1981* 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

- 

0.0 

0.4 

2.7 

1.5 

1.0 

0.5 

- 

0.0 

14.0 

5.0 

0.0 

0.0 

0.0 

6.0 

3.0 

8.0 

19.0 

0.0 

0.0 

7.0 

1.0 

1.0 

1 .o 

2.0 

2.0 

0.0 

0.0 

3.0 

47.0 

0.0 

0.0 

0.0 

1.0 

1.0 

1 .o 

* No Ozark bass f r y  were captured  i n  1980. 
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f r y  w i t h  47 f r y / l 0  s e i n e  hauls.  

many as s i t e  6. 

No o t h e r  s i t e  produced even a t e n t h  as 

In a d d i t i o n  t o  us ing  s e i n e  hau l s ,  r e l a t i v e  d e n s i t y  of young-of-the- 

y e a r  captured w h i l e  e l ec t roshock ing  was a l s o  used as a n  index of 

r ep roduc t ion  (Table 27). S i t e  10, which produced t h e  h ighes t  number of 

smallmouth bass  f r y  from s e i n i n g  produced t h e  lowest number ofyoung of 

t h e  yea r  bas s  from e l ec t roshock ing .  S i t e  2,  a t  which s e i n i n g  produced 

no young-of-the-year smallmouth bass ,  produced t h e  most young-of-the- 

y e a r  dur ing  e l ec t roshock ing .  

Creel Census 

Fisherman P r o f i l e  

E x t r a p o l a t i o n  of d a t a  obta ined  from t h r e e  sources :  1 )  t h e  creel 

census conducted as p a r t  of t h i s  s tudy ,  2 )  D i t t o n ' s  (1979) i n t e r v i e w s  

w i t h  c a n o e i s t s  along t h e  r i v e r  which i n d i c a t e d  t h a t  only 13.5% of a l l  

canoes conta ined  f i s h i n g  g e a r ,  and 3) r ange r  p a t r o l s  t h a t  showed t h a t  

43% of a l l  f i shermen were c a n o e i s t s ,  i n d i c a t e s  t h a t  approximately 32,300 

f i shermen u t i l i z e d  t h e  r i v e r  in both 1980 and 1981. This  estimate may 

only  be a minimum s i n c e  few e a r l y  morning o r  l a t e  evening fishermen were 

inc luded  i n  t h e  estimate and because bank f i shermen are e a s i l y  missed 

and t h e r e f o r e  probably unders t imated . 
Fif ty-one  pe rcen t  of t h e  f i shermen encountered were l o c a l ,  e i t h e r  

from one of t h e  c o u n t i e s  t h a t  border t h e  r i v e r  o r  from one of t h e  

a d j a c e n t  coun t i e s .  Seventy-four pe rcen t  were from Arkansas. 

E ighty-e ight  pe rcen t  of t h e  f i shermen encountered were male. 

Forty-one pe rcen t  of t h o s e  censused were f i s h i n g  from canoes,  45% 

from johnboats ,  and 14% from t h e  r i v e r  bank. However, heav ie r  johnboat 
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Table  27. R e l a t i v e  d e n s i t y  of smallmouth bass  
and Ozark bass  less than  80 mm and 50 mm t o t a l  
l e n g t h ,  r e s p e c t i v e l y ,  cap tured  by summer 
e l e c t r o f  i sh ing .  

Dens i ty  (no./ha) 
Smallmouth bass  Oz a rk  bas s 

S i t e  no. 1980 1981 1980 1981 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

3.7 

14.0 

4.2 

3.5 

5.4 

3.7 

1.1 

1.7 

1.8 

0.7 

1.2 

0.0 

2.4 

0.3 

0.7 

0.9 

0.6 

2.2 

0.0 

0.0 

0.5 

0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

0.0 

0.0 

0.0 

0.5 

0.4 

0.2 

0.0 

0.0 

0.0 

0.1 

12 0.0 0.0 0.0 0.0 
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use  occurred on t h e  lower r i v e r  where waters were more s u i t a b l e  f o r  

motor use;  57% of a l l  lower r i v e r  fishermen encountered were i n  

johnboats  compared t o  38% i n  t h e  middle r i v e r  and 11% on t h e  upper 

r i v e r .  By c o n t r a s t ,  canoe f i shermen are more common on t h e  upper 

s t r e t c h e s  w i t h  pe rcen tages  decreas ing  i n  a downstream d i r e c t i o n  (78%, 

56%, and 26%, r e s p e c t i v e l y ) .  Twenty-nine pe rcen t  of a l l  f ishermen used 

l i v e  b a i t .  

Creel R e s u l t s  

Fishermen on t h e  Buf fa lo  River ’had  a n  o v e r a l l  c a t c h  rate of 0.47 

f i s h / h r  and a ca t ch  ra te  of 0.29 and 0.07 f i s h / h r  f o r  smallmouth bass  

and Ozark bass ,  r e s p e c t i v e l y  (Table  28) .  Harvested smallmouth bass  

ranged i n  l e n g t h  from 146 mm t o  515 mm w i t h  a mean l e n g t h  of 279.6 mm. 

Thi r ty- four  pe rcen t  (F igu re  5 )  of t h e  smallmouth bass  caught were 

smaller than  t h e  254 mm TL l e n g t h  l i m i t  imposed by t h e  Arkansas G a m e  and 

F i s h  Commission i n  1983. Fifty-two pe rcen t  and 76% of t h e  catch were 

smaller than  279 mm and 305 mm, r e s p e c t i v e l y .  

Ozark bass  d id  not begin  t o  show up i n  t h e  creel u n t i l  age I11 and 

d i d  not begin  t o  comprise a l a r g e  p o r t i o n  of t h e  t o t a l  ca t ch  u n t i l  age V 

(F igu re  6) .  

t o t a l  l e n g t h s  ranging from 130 mm t o  255 mm. 

Mean l e n g t h  f o r  Ozark bass i n  t h e  creel w a s  205.7 mm w i t h  

Length Frequency 

Smallmouth Bass 

During t h e  summer of 1980, 36.7% of a l l  smallmouth bass  measured 

(Tables  29-30) were l a r g e r  than  231 mm. 

percentage  dropped t o  28.4%. During f a l l ,  w i n t e r  and s p r i n g  t h e  

During t h e  second summer t h i s  
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Table 28. Angler h a r v e s t  ( f rom creel census)  on t h e  
Buf fa lo  R ive r ,  Arkansas,  du r ing  1980 and 1981. 

Catch ra te  ( f i s h / h o u r )  
Stream s e c t i o n  A l l  spec ie s*  Smallmouth bass  Ozark bass  

E n t i r e  r i v e r  0.47 0.29 0.07 

Upper r i v e r  0.56 0.15 0.04 

Middle r i v e r  0.21 0.16 0.05 

Lower r ive . r  0.52 0.34 0.08 

* Inc ludes  smallmouth bass ,  Ozark bass ,  largemouth bass ,  
spo t t ed  bass ,  channel  c a t f i s h ,  b l u e g i l l ,  l ongea r  s u n f i s h ,  
g reen  s u n f i s h  and rainbow t r o u t .  
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F igu re  5, Length Xrequency d i s t r i b u t i o n  of t h e  smallmouth bass caught by f ishermen 
from Buffa lo  River, Arkansas. 
and 1981. 
t i o n  is  g iven  i n  pa ren theses ,  

Data based on creel census r e s u l t s  c o l l e c t e d  i n  1980 
The percentage  that each s i z e  class w a s  r ep resen ted  i n  t h e  n a t u r a l  popula- 

T 
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Figure  6 ,  Length frequency d i s t r i b u t i o n  of t h e  Ozark 
bass  caught by fishermen from Buffa lo  River, Arkansas. 
D a t a  based on creel census T e s u l t s  c o l l e c t e d  i n  1980 
and 1981, 
r ep resen ted  i n  t h e  n a t u r a l  popu la t ion  i s  g iven  i n  
parentheses .  

The percentage  t h a t  each s i z e  c lass  w a s  



Table  29. Cumulative l e n g t h  f requency  d i s t r i b u t i o n  of smallmouth bass  and Ozark bass  
p o p u l a t i o n s  i n  B u f f a l o  R ive r ,  Arkansas. 

Length Summer 1980 F a l l  1980 Winter 1980 Spr ing  1981 Summer 1981 
(mm) N % N % N % N % N % 

Sma 1 lmou t h bas s 

3.3 20 4.5 

37.7 169 38.4 

20.8 96 21.8 

16.0 61 13.9 

11.8 33 7.5 

6.8 31  7.0 

3.1 15 3.4 

15 3.4 0.6 

100.1 440 99.9 

- 

< 80 

81-1 30 

131-180 

181-2 30 

231-280 

2 8 1-3 30 

3 31-380 

381+ 

124 18 

205 

113 

87 

64 

37 

17 

3 

544 

- 

19 

168 

64 

50 

31  

12 

15 

13 

5.1 42 15.3 15.6 

18.1 

12.8 

16.8 

18.9 

9.1 

5.2 

3.5 

100.0 

144 

102 

133 

150 

72 

41  

28 

7 94 

- 

45.2 40 14.5 

17.2 56 20.4 

13.4 59 21.5 

8.3 39 14.2 

3.2 22 8.0 

4.0 8 2.9 

3.5 9 - 3.3 

372 99.9 275 100.1 



Table 29. Continued. 

Length Summer 1980 Fal l  1980 Winter 1980 Spring 1981 Summer 1981 
( mm> N x N % N % N % N % 

2 1-50 

5 1-80 

81-1 10 

11 1-140 

141-170 

171-200 

2 01-2 30  

231-260 

261+ 

2 

92 

88 

158 

2 23 

3 24 

183 

50 

6 

1126 

0.2 

8.2 

7.8 

14.0 

19.8 

28.8 

16.3 

4.4 

0.5 

100.0 

3 

9 

53 

24 

50 

89  

43 

17 

1 

289 

- 

Ozark bass 

1.0 1 

3.1 39 

18.3 105 

8.3 30 

17.3 33 

30.8 75 

14.9 46 

5.9 11 

1 0.3 

99.9 34 1 

- 

1.0 9 

11.4 29 

30.8 57 

8.8 22 

9.7 38 

22.0 76 

13.5 50 

3.2 20 

0 0.3 

100.0 . 301 

- 

3.0 7 

9.6 57 

18.9 128 

7.3 166 

12.6 98 

25.2 158 

16.6 131 

6.6 40 

6 0.0 

99.8 791 

- - 

0.9 

7.2 

16.2 

21.0 

12.4 

20.0 

16.6 

5.1 

0.8 

100.2 



Table 30. Seasonal  l e n g t h  frequency d i s t r i b u t i o n  f o r  smallmouth bass  f o r  12 s i tes  
on t h e  Buf fa lo  River ,  Arkansas. Percent  occurrence i s  provided i n  parentheses .  

Season T o t a l  l e n g t h  (mm) 
& s i t e  < 80  81-130 131-180 181-230 231-280 281-330 331-380 381+ 

Summer 1980 

1 6 
(7.8) 

2 12 
(11.8) 

3 12 
(22.6) 

4 10 
(14.7) 

5 1 0  
(25.0) 

6 18 
(17.6) 

7 4 
(16.7) 

8 10 
(15.2) 

13 
(16.9) 

18 
(17.6) 

2 
(3.8) 

12 
(17.7) 

8 
(20.0) 

17 
(16.7) 

9 
(37.5) 

15 
(22.7) 

17 
(22.1) 

20 
(19.6) 

1 
(1.9) 

9 
(13.2) 

6 
(15.0) 

11 
(10.8) 

1 
(4.2) 

10 
(15.2) 

9 
(11.6) 

27 
(26.5) 

16 
(30.2) 

15 
(22.0) 

(2.5) 
1 

14 
(13.7) 

7 
(29.2) 

10 
(15.2) 

23 
(29.9) 

16 
(15.7) 

14 
(26.4) 

11 
(16.2) 

7 
(17.5) 

19 
(18.7) 

2 
(8.3) 

4 
(6.0) 

6 
(7.8) 

1 
(1.0) 

4 
(7.6) 

4 
(5.9) 

6 
(15.0) 

13 
(12.7) 

0 
(0.0) 

12 
(18.2) 

0 



Table  30. Continued. 

Season T o t a l  l e n g t h  (mm) 
& s i t e  < 80 81-130 131-180 181-230 231-280 281-330 331-380 381+ 

Summer 1980 (cont inued)  

9 13 13 9 12 23 14 12 3 
(13.1) (13.1) (9.1) (12.1) (23.2) (14.1) (12.1) (3.0) 

10 8 14 8 9 11 5 6 5 
(12.1) (21.2) (12.1) (13.6) (16.7) (7.5) (9.1) (7 5)  

11 21 
(23.3) 

22 
(24.5) 

7 
(7.8) 

12 
(13.3) 

18 
(20.0) 

3 
(3.3) 

0 
(0.0)  

12 0 
( 0 . 0 )  

1 
(14.3) 

3 
(42.8) 

1 
(14.3) 

2 
(28.6) 

0 
(0.0)  

0 
(0 .0)  

0 
(0 .0)  

F a l l  1980 

1 0 
( 0 . 0 )  

6 
(25.0) 

8 
(33.3) 

3 
(12.5) 

4 
(16.7) 

1 
(4.2) 

0 
(0.0) 

2 2 
(6.5) 

6 
(19.3) 

15 
(48.4) 

2 
(6.4) 

5 
(16.2) 

1 
(3.2) 

0 
(0.0) 

0 
(0.0)  

3 2 
(6.1) 

11 
(33.3) 

10 
(30.3) 

4 
(12.1) 

3 
(9.2) 

1 
(3.0) 

0 
(0.0)  

4 2 
(10.5) 

6 
(31.6) 

6 
(31.6) 

1 
(5.2) 

0 
(0 .0 )  

3 
(15.8) 

0 
(0.0) 



Table 30. Continued. 

Season T o t a l  l e n g t h  (mm) 
& s i t e  < 80 81-130 131-180 181-230 231-280 281-330 331-380 381+ 

F a l l  1980 (cont inued)  

5 2 
(14.3) 

6 8 
(26.7) 

7 0 
(0 .0)  

8 0 
(0 .0)  

9 1 
(0.8) 

11 1 
(0.9) 

Winter  1980 

1 0 
(0 .0)  

2 5 
(27.8) 

1 
(7.1) 

8 
(26.7) 

57 
(60.0) 

34 
(64.2) 

14 
(10.8) 

62 
(52.9) 

14 
(50.0) 

8 
(44.4) 

5 
(35.7) 

5 
(16.7) 

15 
(16.0) 

10 
(18.8) 

17 
(13.2) 

22 
(18.9) 

10 
(35.7) 

5 
(27.8) 

5 
(35.7) 

3 
(10.0) 

15 
(16.0) 

6 
(11.3) 

32 
(24.8) 

16 
(13.6) 

0 
(0 .0)  

(0 .0)  
0 

0 
( 0 . 0 )  

0 
(0 .0)  

0 
(0.0) 

0 
(0.0) 

3 
(2 3) 

0 
(0 .0)  

U 
N 
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Table 30. Continued. 

Season T o t a l  l e n g t h  (mm) 
& s i t e  < 80 81-130 131-180 181-230 231-280 281-330 331-380 381+ 

Spr ing  1981 ( con t inued)  

7 3 
(6.7) 

8 1 
(3.6) 

9 0 
( 0 . 0 )  

10 0 
( 0 . 0 )  

11 3 
(3.1) 

12 0 
(0 .0)  

Summer 1981 

1 0 
(0 .0 )  

2 2 
(3.4) 

29 
(64.4) 

17 
(60.7) 

23 
(21.9) 

11 
(78.6) 

69 
(71.1) 

0 
(0 .0 )  

4 
(13.8) 

8 
(13.8) 

9 
(20.0) 

5 
(17.8) 

20 
(19.1) 

1 
(7.1) 

13 
(13.4) 

0 
(0 .0)  

3 
(10.3) 

12 
(20.7) 

2 
(4.5) 

2 
(7 -2 )  

28 
(26.6) 

0 
(0 .0)  

5 
(5.2) 

1 
(100.0) 

6 
(20.7) 

16 
(27.6) 

1 
(2.2) 

1 
(3.6) 

15 
(14.3) 

2 
(14.3) 

3 
(3.1) 

0 
(0 .0 )  

6 
(20.7) 

10 
(17.3) U cn 
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Table 30. Continued. 

Season To ta l  l e n g t h  (mm) 
& s i t e  < 80 81-130 131-180 181-230 231-280 281-330 331-380 381+ 

Summer 1981 ( con t inued)  

11 10 10 12 17 2 0 1 1 
(18.9) (18.9) (22.7) (32.1) (3.7) (0 .0)  (1.9) (1.9) 

12  0 0 0 4 0 0 0 0 
(0 .0 )  (0.0) (0 .0)  (100.0) (0.0) (0.0) (0 .0 )  (0 .0 )  
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percentage  of bass  over 230 m m w a s  22.3, 21.3, and 19.0%, r e s p e c t i v e l y .  

Ozark Bass 

During t h e  summer of 1980, 50% (Table 29, Table 31) of a l l  Ozark 

b a s s  captured  were l a r g e r  t h a n  171 mm. During t h e  f a l l ,  t h e  percentage  

of c a t c h a b l e  Ozark bass  inc reased  s l i g h t l y  t o  51.9% of t h e  popula t ion ;  

however, i t  dec l ined  t o  a low of 39.0% dur ing  t h e  win te r .  In s p r i n g ,  

t h e  percentage  of l a r g e r  Ozark bass  w a s  48.8% bu t  t h i s  percentage  a g a i n  

dec l ined  t o  42.5% dur ing  t h e  summer of 1981. 

Mort a1 i t y  

Smallmouth Bass 

O v e r a l l  annual m o r t a l i t y  ra te  w a s  42% as c a l c u l a t e d  from a ca t ch  

curve (Table  32). The upper r i v e r  s i tes  had t h e  lowest annual m o r t a l i t y  

(39%) and t h e  middle r i v e r  had t h e  h i g h e s t  (53%). The h i g h e s t  m o r t a l i t y  

rates occurred a t  si tes 4 and 7. 

Ozark Bass 

Annual m o r t a l i t y  rate f o r  Ozark bass  w a s  58% o v e r a l l  (Table 32). 

M o r t a l i t y  inc reased  i n  t h e  downstream d i r e c t i o n .  



Table  31. Seasonal l e n g t h  frequency d i s t r i b u t i o n  f o r  Ozark bass  from 12 sites a t  Buf fa lo  
R ive r ,  Arkansas. Percentage  of occur rence  i s  provided i n  parentheses .  

Season T o t a l  l e n g t h  (mm) 
& s i t e  < 50 51-80 81-1 10 111-140 141-170 171-200 201-230 231-260 261+ 

2 
(4.5) 

7 
(9.6) 

8 
(18.2) 

5 
(8.1) 

8 
(5.4) 

25 
(8.4) 

5 
(16.7) 

20 
(13.9) 

4 
(9.1) 

8 
(10.9) 

6 
(13.6) 

10 
(16.1) 

18 
(12.1) 

63 
(21.3) 

3 
(10.0) 

6 
(11.1) 

12 
(27.3) 

13 
(17.9) 

7 
(15.9) 

12 
(19.4) 

36 
(24.2) 

45 
(15.2) 

9 
(30.0) 

33 
(22.9) 

12 
(27.3) 

21 
(28.7) 

12 
(27.3) 

14 
(22.6) 

41 
(27.5) 

86 
(29.0) 

7 
(23.3) 

43 '. 

(29.9) 

5 
(11.3) 

6 
(8.2) 

5 
(11.4) 

14 
(22.6) 

26 
(17.4) 

54 
(18.3) 

5 
(16.7) 

17 
(11.8) 



Table 31. Continued. 

Season T o t a l  l e n g t h  (mm) 
& s i t e  < 50 51-80 81-110 111-140 141-170 171-200 201-230 231-260 261+ 

Summer 1980 ( con t inued)  

9 0 3 
(0.0) (3.0) 

12 
(12.1) 

13 
(13.1) 

41 
(41.3) 

20 4 0 
(20.4) (4.0) ' (0.0) 

10 0 2 
(0.0) (3.3) 

10 
(16.4) 

6 
(9.8) 

19 
(31.1) 

12 2 0 
(19.7) (3.3) (0 .0)  

10 
(16.4) 

11 0 6 
(0 .0)  (5.0) 

18 
(15.2) 

12 
(10.1) 

33 
(27.7) 

28 
(23.5) 

19 3 0 
(16.0) ( 2 . 5 )  (0.0) 

12  0 1 
(0.0) (20.0) 

4 
(80.0) 

0 
(0.0) 

0 
(0 .0)  

0 
(0.0) 

0 0 0 
(0.0) (0.0) (0 .0)  

F a l l  1980 

1 0 0 
(0.0) (0.0) 

0 
(0.0) 

0 
(0.0) 

0 
(0.0) 

2 
(50.0) 

2 0 0 
(50.0) (0.0) (0.0) 

2 3 4 
(15.0) (20.0) 

7 
(35.0) 

0 
(0.0) 

2 
(10.0) 

2 
(10.0) 

1 1 0 
(5.0) (5.0) (0.0) 

3 0 0 
(0 .0)  (0 .0)  

3 
(13.6) 

1 
(4.5) 

6 
(27.3) 

6 
(27.3) 

1 5 0 
(4.5) (22.7) (0.0) 

4 0 0 
(0 .0 )  (0 .0 )  

4 
(44.4) 

1 
(11.1) 

0 
(0 .0)  

3 
(33.3) 

1 0 0 
(11.1) (0.0) (0.0) 

03 
0 



Table 3 1. Continued. 

Season T o t a l  l eng th  (mm) 
& s i t e  < 50 51-80 81-110 111-140 141-170 171-200 201-230 231-260 261+ 

Fall 1980 ( con t inued)  

5 

6 

7 

8 

9 

11 

Winter 1980 

1 0 
( 0 . 0 )  

2 1 
(4.0) 

4 
(22.2) 

11 
(16.1) 

1 
(2.2) 

13 
(31.7) 

0 
(0 .0 )  

10 
(27.8) 

0 
(0 .0 )  

12  
(48.0) 

0 
(0 .0 )  

(8.9) 

5 
(11.1) 

6 
(14.6) 

1 
(3.8) 

4 
(11.1) 

6 

0 
( 0 . 0 )  

(20.0) 
5 

8 
(44.5) 

8 
(11.7) 

12 
(26.7) 

7 
(17.1) 

3 
(11.6) 

4 
(11.1) 

1 
(5 .0 )  

0 
( 0 . 0 )  

4 
(22.2) 

19 
(28.0) 

20 
(44.4) 

(22.0) 
9 

11 
(42.3) 

13 
(36.1) 

11 
(55.0) 

2 
(8.0) 

1 
(5.6) 

17 
(25.0) 

6 
(13.4) 

3 
(7.3) 

8 
(30.8) 

3 
(8.3) 

6 
(30.0) 

0 
(0 .0 )  



Tab le  3 1. Continued . 

Season To ta l  l e n g t h  (mm) 
& s i t e  < 50 51-80 81-110 111-140 141-170 171-200 201-230 231-260 261+ 

Winter 1980 ( con t inued)  

5 
(35.7) 

9 
(50.0) 

3 
( 100.0 ) 

18 
(17.0) 

14 
(51.9) 

23 
(74.2) 

15 
(20.2) 

1 
(12.5) 

3 
(21.4) 

5 
(27.8) 

0 
( 0 . 0 )  

(7.5) 

4 
(14.8) 

2 
(6.4) 

3 
(4.1) 

0 
(0 .0)  

8 

1 
(7.1) 

3 
(16.7) 

0 
(0 .0)  

20 
(18.9) 

0 
(0.0) 

4 
(12.9) 

25 
(33.8) 

4 
(50.0) 

2 
(14.3) 

0 
(0.0) 

( 0 . 0 )  
0 

17 
(16.0) 

1 
(3.7) 

0 
(0 .0)  

16 
(21.6) 

3 
(37.5) 
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Table 31. Continued. 

Season To ta l  l e n g t h  (mm) 
& s i t e  < 50 51-80 81-110 111-140 141-170 171-200 201-230 231-260 261+ 

Summer 1981 (cont inued)  

0 
( 0 . 0 )  

2 
(10.5) 

11 
(15.3) 

14  
(10.3) 

7 
(9.1) 

3 
(3.0) 

2 
(2.2) 

( 0 . 0 )  
0 

2 
(18.2) 

4 
(21.1) 

(9.7) 

38 
(27.9) 

7 

7 

(9.1) 

(12.0) 
12 

17 
(18.7) 

3 
(7.3) 

1 
(9.1) 

(5.3) 

(22.2) 

(19.1) 

1 

16 

26 

18 
( 2 3 . 4 )  

29 
(29.0) 

19 
(20.9) 

5 
(12.2) 

3 
(27.2) 

1 
(5.3) 

9 
(12.5) 

7 
(5.2) 

7 
(9.0) 

13 
(13.0) 

15 
(16.4) 

14 
(34.2) 

3 
(27.2) 

5 
(26.3) 

11 
(15.3) 

12 
(8.8) 

19 
(24.7) 

21 
(21.0) 

27 
(29.7) 

9 
(21.9) 

2 
(18.2) 

5 
(26.3) 

13 
(18.0) 

27 
(19.8) 

14 
(18.2) 

17 
(17.0) 

9 
(9.9) 

7 
(17.1) 
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Table 32. Ins t an taneous  m o r t a l i t y  rates,  Z ,  annual  s u r v i v a l  ra te ,  
S, and annual  m o r t a l i t y  rates,  A. Computed by t h e  c a t c h  curve 
method from e lec t roshock ing  d a t a  f o r  smallmouth bass  and Ozark 
bass  i n  v a r i o u s  r i v e r  s e c t i o n s  and s i tes  on Buf fa lo  R ive r ,  
Arkansas. 

Rive r 
1 oca t i o n  

Smallmouth bass  Ozark bass* 
Z S A Z S A 

Ove r a l  1 

Upper r i v e r  

Middle r i v e r  

Lower r i v e r  

S i t e  1 

S i t e  2 

S i t e  3 

S i t e  4 

S i t e  5 

S i t e  6 

S i t e  7 

S i t e  8 

S i t e  9 

S i t e  10  

S i t e  11 

0.55 

0.49 

0.76 

0.52 

0.51 

0.63 

0.54 

1.55 

0.49 

0.63 

1.64 

0.60 

0.42 

0.42 

0.64 

0.58 

0.61 

0.47 

0.59 

0.60 

0.53 

0.58 

0.21 

0.61 

0.53 

0.19 

0.55 

0.66 

0.66 

0.53 

0.42 

0.39 

0.53 

0.41 

0.40 

0.47 

0.42 

0.79 

0.39 

0.47 

0.81 

0.45 

0.34 

0.34 

0.47 

0.87 

0.60 

0.90 

1.14 

0.74 

0.39 

0.67 

0.88 

0.74 

0.84 

1.28 

0.98 

1.07 

1.15 

1.11 

0.42 

0.55 

0.41 

0.32 

0.48 

0.68 

0.51 

0.41 

0.48 

0.43 

0.28 

0.38 

0.34 

0.32 

0.33 

0.58 

0.45 

0.59 

0.68 

0.52 

0.32 

0.49 

0.59 

0.52 

0.57 

0.72 

0.62 

0.66 

0.68 

0.67 

* Based on ages  5-8. 



CHAPTER V 

DISCUS SI ON 

Popu la t ion  Levels 

Smallmouth Bass 

Seve ra l  p o s s i b l e  f a c t o r s  o p e r a t i n g  s i n g l y  o r  i n  combination could 

e x p l a i n  t h e  w i t h i n - s i t e  summertime v a r i a t i o n s  t h a t  occurred in t h e  

smallmouth bass  popula t ions .  Some of t h e s e  f a c t o r s  are as fo l lows:  

1. Smallmouth bass  had home ranges  t h a t  encompassed a g r e a t e r  

area than  my sample area; t h e s e  f i s h  may not have been p resen t  

i n  t h e  sample area on a l l  sampling d a t e s .  

2. Smallmouth bass  avoided electric shock o r  sound waves produced 

by t h e  boat motor and g e n e r a t o r  a f t e r  once being captured. 

M o r t a l i t y  occurred over  t h e  summer due t o  a) a n g l i n g  p r e s s u r e ,  

b )  n a t u r a l  causes ,  o r  c )  the  e f f e c t s  of e l ec t roshock ing  and/or  

hand l ing  dur ing  sampling. 

F i s h  grew t o  a s i z e  where they  became more v i s i b l e  and more 

3. 

4 .  

s u s c e p t i b l e  t o  c a p t u r e  as t h e  summer progressed. 

5 .  F i s h  l e f t  t h e  area e i t h e r  dur ing  o r  subsequent t o  e l e c t r o -  

s ho cking . 
The work of p rev ious  a u t h o r s  (Larimore 1952; Gerking 1953; Fa jen  

1962; Munther 1970) have e s t a b l i s h e d  t h a t  most smallmouth bass  do 

have def ined  home ranges  but Fajen (1962) and Munther (1970) have a l s o  

88 
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demonstrated t h a t  a segment of t h e  bass  popu la t ion  moves f r e e l y  between 

two o r  more pools. For example, 24% of t h e  bass  marked by Munther were 

recovered o u t s i d e  t h e  pool i n  which they were tagged. 

found t h a t  34% of t h e  bass  tagged i n  t h e  s t a b l e  pools of L i t t l e  S a l i n e  

Creek and 46% of t h e  bass  tagged i n  Big Buf fa lo  Creek, Missour i ,  had 

l e f t  t h e  pool  i n  which they were i n i t i a l l y  marked. 

t h a t  home range w a s  u s u a l l y  r e s t r i c t e d  t o  one pool bu t  t h a t  some home 

ranges  c o n s i s t e d  of s e v e r a l  pools as much as a ha l f  m i l e  a p a r t .  Even 

dur ing  droughts ,  Fa jen  found t h a t  f low was s u f f i c i e n t  t o  a l low b a s s  

S i m i l i a r l y ,  Fa jen  

Fa jen  hypothes ized  

movement a c r o s s  r i f f l e s .  

Some of t h e  f l u c t u a t i o n s  observed i n  summer popu la t ions  i n  t h i s  

s tudy  probably were a t  least p a r t i a l l y  r e l a t e d  t o  d i f f e r e n c e s  i n  home 

range s i z e  among d i f f e r e n t  s u b s e c t i o n s  of t h e  smallmouth bass  

popula t ion .  Higher water l e v e l s  i n  1981 would have f a c i l i t a t e d  

i n t e r p o o l  movement and may e x p l a i n  t h e  g r e a t e r  v a r i a b i l i t y  i n  1981 d a t a  

as  compared t o  t h a t  i n  t h e  1980 da ta .  Movement a c r o s s  r i f f l e s  t o  o t h e r  

p o r t i o n s  of a home range v i o l a t e s  one assumption of equal  c a t c h a b i l i t y  

i n  t h e  d e p l e t i o n  estimate and may be r e s p o n s i b l e  f o r  the wide conf idence  

i n t e r v a l s  a s s o c i a t e d  w i t h  some popu la t ion  estimates. 

Smallmouth bass a l s o  appeared t o  d e t e c t  t h e  e lec t r ic  f i e l d  and/or  

v i b r a t i o n s  genera ted  by t h e  sampling boat and were observed t o  move i n  

f r o n t  of and away from t h e  boat. However, i t  is  u n l i k e l y  t h a t  t h i s  

avoidance  behavior was a major cause  of t h e  f l u c t u a t i o n s  in serial  

popu la t ion  estimates. This  conclus ion  w a s  reached because du r ing  both  

summrs  t h e  f i n a l  popu la t ion  estimate a t  8 of 12 s i tes  were equa l  t o  o r  

h i g h e r  t h a n  t h e  f i r s t  popu la t ion  estimate (Table  3 ) .  

M o r t a l i t y  e i t h e r  from ang l ing ,  sampling stress, o r  n a t u r a l  causes  
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could have a l s o  played a n  important p a r t  i n  determining popula t ion  

l e v e l s .  However, i f  m o r t a l i t y  w a s  t h e  f a c t o r ,  t h e  popu la t ion  estimates 

would be expected t o  d e c l i n e  w i t h  each subsequent sample. I n s t e a d ,  a 

s t e a d i l y  d e c l i n i n g  popu la t ion  occurred only a t  s i tes  5 and 1 2  i n  1980 

and a t  sites 2 ,  3 ,  and 4 i n  1981. In a d d i t i o n ,  t h e  most a c c e s s i b l e  

s i tes  (1,  2 ,  7 ,  and 8 )  and t h e  ones r e c e i v i n g  t h e  most canoe use and 

which might be expected t o  have t h e  h i g h e s t  m o r t a l i t y  due t o  f i s h i n g  

p r e s s u r e ,  p r i m a r i l y  si tes 2 ,  9, 10, and 11 (Table  21, w e r e  no t  t h e  ones 

w i t h  t h e  g r e a t e s t  s easona l  d e c l i n e  i n  popula t ions .  

A f i n a l  f a c t o r  t h a t  could have a f f e c t e d  popu la t ion  estimates w a s  

i nc reased  s u s c e p t i b i l i t y  t o  cap tu re  of young smallmouth bass  as t h e  

summer progressed .  A s  t h e  season  progressed ,  smaller bass  grew enough 

t o  become more v i s i b l e  t o  t h e  sampling crew and were more e a s i l y  

captured .  In a d d i t i o n ,  e l e c t r o f  i s h i n g  w a s  more s e l e c t i v e  f o r  l a r g e r  

bass  (Reynolds and Simpson 1978). Therefore ,  i t  would be reasonable  t o  

assume t h a t  a g r e a t e r  p ropor t ion  of small bass  were missed in sampling 

e a r l y  i n  t h e  season  t h a n  were missed l a t e r  i n  t h e  season. This  e f f e c t  

appeared t o  be occur r ing  i n  my samples. In summer 1980 a t  10 of 12 

s i tes  and i n  1981 a t  6 of 12 si tes t h e  percentage  of smallmouth bass  

less than  o r  equa l  t o  150 mm t o t a l  l e n g t h  i n  t h e  sample w a s  h ighe r  i n  

t h e  las t  sampling p e r i o d  t h a n  i n  t h e  f irst  (Table  33) .  I n  summary, 

movement i n t o  and o u t  of t h e  s tudy  pools  and growth of small bass  

appeared t o  be t h e  major f a c t o r s  r e spons ib l e  f o r  summertime v a r i a b i l i t y  

of popu la t ion  estimates. 

Smallmouth bass  showed a n  o v e r a l l  d e c l i n e  from summer 1980 t o  1981. 

It appears  reasonable  t h a t  m o r t a l i t y  o r  movement of bass ,  bo th  i n  

response  t o  drought c o n d i t i o n s ,  a r e  t h e  main c a u s a t i v e  agents .  
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Table  33. Frequency of c a p t u r e  of smallmouth bass l a r g e r  and smaller 
t h a n  150 mm t o t a l  l e n g t h  f o r  each summer sample period. R e s u l t s  are 
l i s t e d  i n  ch rono log ica l  o r d e r  f o r  each s i t e .  

S i t e  1980 1981 
number <150 mm >150 mm % <150 mm (150 mm >150 mm % <150 mm - - 

1 20 
11 20 
11 14 

10 19 
18 24 
16 15 

1 5 
11 17 

2 17 

7 9 
4 17 

16 10 

- - 
1 2  10 

7 2 

9 17 
10 26 
21 19 

7 5 
6 6 
- - 

0 8 
13 19 
17 9 

8 26 

15 28 
- - 

1 13 
7 18 

17 10 

4.8 
35.5 
44.0 

34.5 
42.9 
51.6 

16.7 
39.3 

5.3 

43.8 
19.0 
61.5 

- 
54.5 
77.8 

34.6 
27.8 
52.5 

58.3 
50.0 

- 

0.0 
40.6 
65.5 

22.2 

34.9 

7.1 
28.0 
63.0 

- 

1 
5 
0 

6 
5 
8 

- 
2 
3 

2 
5 
2 

0 
0 
3 

1 
2 
5 

4 
9 
7 

3 
0 
3 

0 
1 
0 

1 
5 
2 

7 
8 
8 

15 
15 
9 

- 
3 
0 

6 
5 
0 

0 
1 
4 

2 
1 
2 

1 
11 
1 

1 
5 
2 

1 
8 
0 

1 
6 
2 

12.5 
38.5 

0.0 

28.6 
25.0 
47.1 

40.0 
100.0 

25.0 
50.0 

100.0 

- 
0.0 

42.9 

33.3 
66.7 
71.4 

80.0 
45.0 
87.5 

75.0 
0.0 

60.0 

0.0 
11.1 

- 

50.0 
45.5 
50.0 



Table 33. Continued. 

Site 19 80 1981 
number <150 mm >150 mm % - (150 mm <150 mm >150 mm % - <150 mm 

- 8 9 47.1 
(b 1 15 26 36.6 2 4 33.3 
( C >  30 8 78.9 17 13 56.7 

- - 11 (a> 



Mean weight f o r  smallmouth b a s s  captured  dur ing  the f a l l  w a s  

s i g n i f i c a n t l y  lower than  those  captured  i n  summer (Appendix D, Table  

53). Such d i f f e r e n c e s  could r e s u l t  from e i t h e r  m o r t a l i t y  of o l d e r  bass 

o r  from movement of younger bass  o u t  of t h e  t r i b u t a r i e s  i n t o  t h e  main 

r i v e r .  I saw l i t t l e  evidence of e x t e n s i v e  summer-fall m o r t a l i t y  of 

o l d e r  f i s h .  I conclude t h a t  a f a l l  i n f l u x  w a s  r e s p o n s i b l e  f o r  t h e  

observed changes i n  those  seasons.  Movement of f i s h  appeared t o  

cont inue  over  t h e  win te r  w i th  some s i tes  ( 2 ,  5, and 11) being abandoned 

by a l l  but  t h e  smallest bass  (Appendix D ,  Table  5 4 ) .  

Spr ing  popu la t ion  d e c l i n e s  a g a i n  appeared t o  r e f l e c t  bass  

movements, bu t  t h i s  time t h e  movement was i n t o  t h e  t r i b u t a r i e s .  This  

hypo thes i s  i s  s t rengthened  because only s i t e  11 had a s p r i n g  popula t ion  

s i z e  t h a t  was g r e a t e r  t han  t h o s e  t h a t  were p resen t  i n  win te r .  

There w a s  cons ide rab le  ev idence  f o r  over w i n t e r  m o r t a l i t y .  The 

mean weight of smallmouth bass  i n  summer 1981 w a s  lower t h a n  i n  summer 

1980 but  d id  not  d i f f e r  s i g n i f i c a n t l y  from t h a t  i n  s p r i n g  1981. For 

t h i s  r e l a t i o n s h i p  t o  have occurred i n  con junc t ion  wi th  a g r e a t l y  reduced 

summer 1981 popu la t ion  suggested t h a t  m o r t a l i t y  among t h e  o l d e r ,  l a r g e r  

b a s s  i n  t h e  popu la t ion  had occurred  over  w i n t e r  and sp r ing .  

Ozark Bass 

V a r i a t i o n s  i n  summer Ozark bass  popu la t ions  probably were due t o  

t h e  same f a c t o r s  t h a t  a f f e c t e d  smallmouth bass :  movement i n  o r  ou t  of 

t h e  s i t e  and home ranges  that  inc luded  more than  one pool. It i s  

d o u b t f u l  t h a t  gea r  s e l e c t i v i t y  was as g r e a t  a f a c t o r  f o r  Ozark bass  as 

f o r  smallmouth bass ,  a l though i t  obvious ly  played a f a c t o r  i n  t h e  

accuracy  of t h e  o v e r a l l  estimates. The reason  f o r  t h i s  conc lus ion  i s  
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t h a t  very few young of t h e  yea r  and age I Ozark bass  were e v e r  captured  

s o  t h e  p o s s i b i l i t y  w a s  reduced t h a t  t h e  f a s t e r  growing segment of t h e  

popu la t ion  became more v i s i b l e  i n  l a t e  summer. 

There a l s o  d id  no t  appear t o  be a mig ra t ion  of Ozark bass  ou t  of 

t h e  t r i b u t a r i e s  dur ing  f a l l  as w a s  s een  wi th  smallmouth bass. Such a 

movement may occur l a te r  i n  w i n t e r  s i n c e  t h e  dec rease  i n  mean weight a t  

t h a t  t i m e  (Appendix D ,  Table 5 5 )  s u g g e s t s  a w i n t e r  i n f l u x  of smaller 

f i s h  i n t o  t h e  popula t ion .  Some s i tes  ( 5  and 1 2 )  were a l l  but d e s e r t e d  

i n  w i n t e r  by Ozark bass  wh i l e  o t h e r s  ( s i t e s  6 and 9 )  had t h e i r  h i g h e s t  

popu la t ions  i n  t h a t  t i m e  of year.  It i s  p o s s i b l e  t h a t  t h e  r e d u c t i o n  i n  

mean weight t h a t  occurred i n  w i n t e r  w a s  due i n  p a r t  t o  some p o r t i o n s  of 

t h e  Ozark bass popu la t ion  becoming t o r p i d  and unresponsive t o  sampling. 

Seve ra l  very l a r g e  Ozark bass  a t  s i t e  7 were observed slowly moving up 

o u t  of t h e  l a y e r  of l e a v e s  covering t h e  bottom of t h e  pool  i n  response  

t o  t h e  e l ec t roshock  but  were too  deep t o  be n e t t e d .  It i s  a l s o  probable  

t h a t  w i n t e r  m o r t a l i t y  w a s  r e s p o n s i b l e  f o r  some of t h e  r educ t ions  t a h t  

occur red  i n  popu la t ion  s i z e  (Table 4 )  and mean weights  f o r  each s i t e ;  

however, t h e  near  d e s e r t i o n  of some s i tes  and t h e  l a r g e  i n c r e a s e s  i n  t h e  

popu la t ions  of o t h e r s  suppor t s  t h e  hypo thes i s  of mass w i n t e r  movement of 

Ozark bass  out  of t r i b u t a r i e s  and some r i v e r  s i tes  i n  response  t o  some 

environmental  v a r i a b l e .  Spring and warmer tempera tures  appeared t o  

r e s u l t  i n  i nc reased  movement of Ozark bass ;  mean weights  i nc reased ,  

popu la t ions  a t  s i tes  6 and 9 d e c l i n e d ,  and o t h e r  popu la t ions  inc reased .  

Ozark bass  popula t ions  dec l ined  from t h e  f i r s t  t o  t h e  second summer but 

no t  as markedly as d id  t h e  smallmouth bass.  The exp lana t ion  f o r  t h e s e  

changes appeared t o  be t h e  same f o r  bo th  spec ie s .  
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Dens i ty  

Popu la t ion  estimates, d e n s i t i e s ,  mean weights ,  and s t and ing  crops  

f o r  v a r i o u s  s p e c i e s  are f r e q u e n t l y  used t o  compare t h e  popu la t ion  being 

s t u d i e d  w i t h  p rev ious ly  s t u d i e d  popula t ions .  However, as Paragamian and 

Cobble (1975) poin ted  o u t ,  t h e s e  comparisons are d i f f i c u l t  t o  make even 

though t h e  r epor t ed  d e n s i t i e s  and s t and ing  crops  a r e  accu ra t e .  

a t t r i b u t e d  t h i s  d i f f i c u l t y  t o  t h e  f a c t s  t h a t  1)  estimates are based on 

d i f f e r e n t  s i z e  ranges ,  2 )  estimates are based not  on s i z e  of s tock  a t  

c a r r y i n g  c a p a c i t y ,  bu t  c a r r y i n g  c a p a c i t y  minus h a r v e s t ,  and 3 )  estimates 

o f t e n  are based on t o t a l  area i n  t h e  s tudy  s i t e  i n s t e a d  of on area of 

useab le  h a b i t a t .  S i m i l a r  conc lus ions  were reached by Hunt (1971) f o r  

brook t r o u t  ( S a l v e l i n u s  f o n t i n a l i s ) .  

They 

Work has  been done on t h e  r e l a t i o n s h i p  between h a b i t a t  and d e n s i t y  

o r  s t and ing  crop. For example, t h e  d e n s i t y  of d r i f t  f eed ing  salmonids 

i s  thought t o  be c o n t r o l l e d  by a space-food and sometimes a space 

s h e l t e r  mechanism (Chapman 1966). I n  t h i s  model, t e r r i t o r y  s i z e  w a s  

reduced as v e l o c i t y  inc reased  because less space  w a s  need t o  o b t a i n  

food. There was, however, a minimum space  requirement a t  pe r iods  of low 

flow o r  h igh  d e n s i t i e s .  

a l lows  f o r  s h e l t e r  from p r e d a t o r s  and from h igh  f l o o d  flows o r  prey 

The space - she l t e r  r e l a t i o n s h i p  hypo thes i s  a l s o  

abundance (Slaney and Nor thcote  1974) t o  r e g u l a t e  d e n s i t y .  

S e v e r a l  f a c t o r s  i n  t h e  space - she l t e r  r e l a t i o n s h i p  are known t o  

a f f e c t  smallmouth bass  dens i ty .  

a l .  (1976) i n  Iowa, found a s i g n i f i c a n t  c o r r e l a t i o n  between stream 

g r a d i e n t  and d i s t r i b u t i o n  of smallmouth bass. Paragamian (1981) found 

t h a t  smallmouth bass d e n s i t i e s  and s t a n d i n g  crops  were p o s i t i v e l y  

a s s o c i a t e d  w i t h  t h e  p r o p o r t i o n  of g r a v e l  and cobble s u b s t r a t e s .  Orth 

Trautman (1942) i n  Ohio and Bulkley e t  
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(19801, however, found no s i g n i f i c a n t  c o r r e l a t i o n  between b iomass / to t a l  

area o r  biomass/weighted useable  area i n  Glover Creek, Oklahoma, and 

f e l t  t h a t  u seab le  h a b i t a t  g e n e r a l l y  was not  l i m i t i n g  abundance i n  t h i s  

system. However, Or th  d id  observe t h a t  b i o m a s s / t o t a l  area w a s  near  z e r o  

a t  sites where weighted useab le  area w a s  less t h a n  5% of t o t a l  s u r f a c e  

area and concluded t h a t  u seab le  area l i m i t e d  abundance of a d u l t  

smallmouth bass  under marginal (summer) h a b i t a t  cond i t ions .  

Limited work has  a l s o  been done on t h e  r e l a t i o n s h i p  between rock 

bass  s t and ing  crop and d e n s i t y  and h a b i t a t .  Prev ious  s t u d i e s  have 

i n d i c a t e d  t h a t  rock bass  are found i n  streams of medium s i z e  (Funk 1975) 

and are a s s o c i a t e d  w i t h  g r a v e l  s u b s t r a t e s  (Trautman 1957; Brown 1960; 

Jones  1973), cobble ( Jones  1970; Jones 1973), boulder  (Gerking 1945; 

Trautman 1957; Jones 1970), bedrock (Trautman 1957; Jones 1970; Jones 

1973), and v e g e t a t i o n  (Gerking 1945; Trautman 1957; Brown 1960). None 

of t h e s e  s t u d i e s  have d e a l t  s p e c i f i c a l l y  with - A. c o n s t e l l a t u s .  

Smallmouth Bass 

The i n c r e a s e  i n  d e n s i t y  from summer 1980 t o  f a l l  can be expla ined  

by movement of bass  out  of t h e  t r i b u t a r i e s  and t h e  64.6% dec rease  i n  

d e n s i t y  from summer 1980 t o  summer 1981 can be expla ined  by m o r t a l i t y  

a s s o c i a t e d  w i t h  drought. The range of d e n s i t i e s  encountered dur ing  t h i s  

s tudy ,  1.0 t o  143.7 bas s /ha ,  were c o n s i s t e n t  w i t h  ranges  t h a t  have been 

r epor t ed  i n  Missour i  ( F a j e n  1972) f o r  Huzzah Creek (58  bass /ha)  and 

Cour to i s  Creek (56 bass /ha )  and by Brown (1960) f o r  s e v e r a l  streams i n  

Ohio (16, 26, 29, and 87  bass /ha ,  r e s p e c t i v e l y ) .  The range of s easona l  

mean d e n s i t i e s  (11.8 t o  46.8 bas s /ha )  w a s  lower than  t h e  118 and 132 

bass /ha  t h a t  Paragamian (1973) found i n  e i t h e r  t h e  P love r  River  o r  t h e  
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Red Cedar River  i n  Wisconsin, and were much lower t h a n  t h e  d e n s i t i e s  

( 1 1  t o  1 , 7 7 2  bas s /ha )  r epor t ed  f o r  t h e  Maquoketa R ive r ,  Iowa (Paragamian 

1981). Overa l l ,  t h e  Buf fa lo  River  d id  no t  appear t o  be as product ive  as 

some o t h e r  smallmouth bass  streams. 

Seasonal d e n s i t y  w a s  found t o  be c l o s e l y  r e l a t e d  t o  depth and 

s u b s t r a t e  bu t  less c l o s e l y  t o  v e l o c i t y  (Table 3 4 ,  Appendix H).  Greater 

amounts of s i l t  and a q u a t i c  v e g e t a t i o n  were c o r r e l a t e d  w i t h  reduced 

d e n s i t y  dur ing  summer. Conversely l a r g e r  amounts of boulder and 

cobble-boulder s u b s t r a t e s  ( i n  1980 but  no t  i n  1981) were c o r r e l a t e d  wi th  

h i g h e r  summer d e n s i t i e s .  The importance of cobble-boulder as a f a c t o r  

i n  1980 but i t s  reduced importance i n  1981 s u g g e s t s  t h a t  cobble-boulder 

p o s s i b l y  w a s  a c t i n g  as a l i m i t i n g  f a c t o r  a t  t h e  h i g h e r  d e n s i t y  p re sen t  

i n  summer 1980, bu t  w a s  not a t  t h e  lower l e v e l s  of 1981. The amount of 

cobble  a lone  w a s  n o t  found t o  be c o r r e l a t e d  w i t h  d e n s i t y  and t h e  absence 

i n  importance of cobble-boulder i n  t h e  c o r r e l a t i o n s  a t  low d e n s i t i e s  

sugges t s  t h a t  cobble w a s  no t  a p r e f e r r e d  s u b s t r a t e .  I f  such an 

i n t e r p r e t a t i o n  i s  c o r r e c t ,  t h e  1980 popu la t ion  of smallmouth bass  had 

reached a l e v e l  where marginal o r  less p r e f e r r e d  h a b i t a t  was being 

occupied . 
During summer, smallmouth bass  d e n s i t y  was p o s i t i v e l y  c o r r e l a t e d  

w i t h  t h e  maximum depth  of t h e  s i t e  and t h e  area of t h e  s i t e  wi th  a depth 

less than  0.26 m. Bass d e n s i t y  w a s  n e g a t i v e l y  c o r r e l a t e d  wi th  t h e  a r e a  

of t h e  s i t e  w i t h  a dep th  between 0.76 and 1.25 meters. Deep water i s  

impor tan t  f o r  s h e l t e r  from high summer tempera tures  and dur ing  pe r iods  

of reduced flow and t h e  depth  range of ze ro  t o  0.25 m i s  t h e  depth  range 

t h a t  d e f i n e s  t h e  amount of r i f f l e s  where f eed ing  most o f t e n  occurs.  I n  

t h i s  s tudy  t h e  c o r r e l a t i o n  between d e n s i t y  arid t h i s  sha l low dep th  zone 
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Table  34. C o r r e l a t i o n s  between h a b i t a t  parameters and d e n s i t y  of 
smallmouth bass  i n  Buffa lo  R i v e r ,  Arkansas. 

Season H a b i t a t  parameter r 

Summer 1980 
Summer 1981 

Summer 1980 
Summer 1981 

Summer 1980 
Summer 1981 

Summer 1981 

Sumrner 1980 
Summer 1981 

Summer 1980 
Summer 1981 

Summer 1980 
Summer 1981 

Summer 1980 
Summer 1981 

Summer 1980 

Fa1 1 

Winter  

Spr ing  

Area of s i t e  ( h a )  
Area of s i t e  ( h a )  

Percent  of s i t e  w i t h  depth of 0.76-1.25 m 
Percent  of s i t e  w i t h  depth  of 0.76-1.25 m 

Percent  of s i t e  w i t h  a s i l t  s u b s t r a t e  
Percent  of s i t e  w i t h  a s i l t  s u b s t r a t e  

Percent  of s i t e  covered by a q u a t i c  v e g e t a t i o n  

G r  a d i  e n t  (m /km) 
Gradient  (m/km) 

Maximum depth  of pool  (m) 
Maximum depth  of pool  (m) 

Percent  of s i t e  w i t h  a depth  < 0.26 m 
Percent  of s i t e  w i t h  a depth  < 0.26 m 

Percent  of s i t e  w i t h  boulder  s u b s t r a t e  
Percent  of s i t e  w i t h  boulder  s u b s t r a t e  

Percent  of s i t e  w i t h  a cobble-boulder 
s u b s t r a t e  

Maximum depth  of pool  (m) 

Percent  of s i t e  w i t h  a depth of 0.26-0.75 m 

Maximum depth  of pool  (m) 

-0.67 
-0.79 

-0.65 
-0.64 

-0.70 
-0.73 

-0.65 

0.66 
0.87 

0.58 
0.67 

0.69 
0.64 

0.61 
0.58 

0.60 

0.93 

-0.61 

0.69 

S i g n i f i c a n t  a t  0.05. 
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was l i n e a r  which sugges t s  t h a t  t h e  optimum r a t i o  of r i f f l e  t o  pool w a s  

no t  p r e s e n t  even a t  s i t e  2 which has approximately 45.5% of t h e  s i t e  

w i t h  depth  less than  0.26 m. 

Stream g r a d i e n t  was p o s i t i v e l y  c o r r e l a t e d  and s i z e  of t h e  s i t e  w a s  

n e g a t i v e l y  c o r r e l a t e d  w i t h  smallmouth bass  d e n s i t y  i n  summer. Both 

f a c t o r s  are i n t e r r e l a t e d  s i n c e  t h e  s i z e  of pools and r i f f l e s  i n c r e a s e s  

and g r a d i e n t  dec reases  as one moves downstream. 

The only o t h e r  c o r r e l a t i o n s  t h a t  occur red  dur ing  o t h e r  seasons  were 

a p o s i t i v e  c o r r e l a t i o n  dur ing  f a l l  and s p r i n g  between dens i ty  and 

maximum depth  and a nega t ive  c o r r e l a t i o n  du r ing  w i n t e r  between d e n s i t y  

and t h e  pe rcen t  of a s i t e  w i th  a depth  range of 0.26 and 0.75 m. It i s  

apparent  t h a t  phys i ca l  h a b i t a t  most c l o s e l y  l i m i t e d  t h e  popula t ion  

dur ing  low summer flows. S u p e r f i c i a l l y ,  t h e  absence of c o r r e l a t i o n  

between d e n s i t y  and o t h e r  phys i ca l  h a b i t a t  f a c t o r s  may appear 

s u r p r i s i n g .  However, Paragamian (1981) found t h a t  d e n s i t y  w a s  

c o r r e l a t e d  only w i t h  t h e  amount of course  g r a v e l  and cobble g r a v e l  

s u b s t r a t e  i n  t h e  Maquoketa River.  One might suspec t  t h a t  i f  h a b i t a t  w a s  

g e n e r a l l y  a l i m i t i n g  f a c t o r  f o r  smallmouth bass  then  streams wi th  h ighe r  

smallmouth bass  d e n s i t i e s  l i k e  the Maquoketa R ive r  would have more 

c o r r e l a t i o n s  between d e n s i t y  and h a b i t a t  f a c t o r s  t han  would t h e  Buf fa lo  

River .  However, one must remember t h a t  a s i n g l e  f a c t o r  ope ra t ing  a t  a 

s i n g l e  i n s t a n t  i n  t i m e  can e f f e c t i v e l y  l i m i t  a popula t ion .  The d a t a  

i n d i c a t e  t h a t  t h e  B u f f a l o  River  i s  not an  optimum h a b i t a t  f o r  smallmouth 

bass. I n  such h a b i t a t s ,  i t  i s  a l s o  p o s s i b l e  that  h a b i t a t  does no t  

d i r e c t l y  l i m i t  popu la t ions  but  o p e r a t e s  through f a c t o r s  such as food. 

I n  such cases, an  i n c r e a s e  i n  s i l t  s u b s t r a t e ,  f o r  example, might have 

more of an impac t  on t h e  Buf fa lo  R ive r  t h a n  would similar i n c r e a s e s  i n  



more f e r t i l e  waters l i k e  t h e  Maquoketa River. 

Ozark Bass 

The 40.7% r e d u c t i o n  i n  mean d e n s i t y  of Oz r k  bas i n  summe 1981 

compared t o  t h a t  i n  summer 1980 w a s  c o r r e l a t e d  w i t h  t h e  s e v e r e  drought. 

The drought a p p a r e n t l y  had less of an  e f f e c t  on Ozark bass  than  on 

smallmouth bass. Unlike what w a s  found w i t h  smallmouth bass ,  t h e  mean 

d e n s i t y  of Ozark bass  dur ing  t h e  f a l l  d id  not  i n c r e a s e  over what i t  was 

i n  t h e  p rev ious  summer and Ozark bass  d id  no t  mig ra t e  out  of t h e  

t r i b u t a r i e s  u n t i l  w in te r .  

No c o r r e l a t i o n  w a s  found between canoe d e n s i t y  and Ozark bass  

d e n s i t y  a t  any season. It appears  t h a t  i n c r e a s i n g  use  of t h e  Buf fa lo  

R ive r  by r e c r e a t i o n a l  c a n o e i s t s  w a s  no t  a f f e c t i n g  t h e  Ozark bass 

popula t ion .  However, c o r r e l a t i o n s  were found between o t h e r  h a b i t a t  

f a c t o r s  and Ozark bass  d e n s i t y  (Table  35, Appendix I). The number of 

h a b i t a t  parameters t h a t  were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  d e n s i t y  

dur ing  summer 1980 was twice t h e  number i n  summer 1981. It i s  a l s o  

s i g n i f i c a n t  t h a t  t w i c e  as many h a b i t a t  parameters  w e r e  c o r r e l a t e d  w i t h  

d e n s i t y  of smallmouth bass  i n  summer 1980 t h a n  f o r  Ozark bass  and fou r  

times as many i n  summer 1981 (Table  3 6 ) .  

i n d i c a t e  t h a t  smallmouth bass  i n  t h e  Buf fa lo  R ive r  were more l i m i t e d  by 

h a b i t a t  t h a n  were Ozark bass. Three of t h e  f o u r  parameters c o r r e l a t e d  

w i t h  Ozark bass  d e n s i t y  i n  summer 1980 (dep th  less than  0.26 m ,  boulder  

s u b s t r a t e  and t h e  depth  range of 0.76 t o  1.25 m) were a l s o  c o r r e l a t e d  

w i t h  smallmouth bass  dens i ty .  However, u n l i k e  smallmouth bass ,  

d e n s i t i e s  of Ozark bass  were no t  n e g a t i v e l y  c o r r e l a t e d  w i t h  amounts of 

s i l t  s u b s t r a t e .  Ozark bass  d e n s i t y  w a s ,  however, n e g a t i v e l y  c o r r e l a t e d  

Th i s  a n a l y s i s  would seem t o  
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Table 35. C o r r e l a t i o n s  between h a b i t a t  parameters and d e n s i t y  of 
Ozark bass  i n  Buf fa lo  River ,  Arkansas. 

~~~~ 

Season H a b i t a t  parameter r 

Summer 1980 
Summer 1981 

Summer 1980 

Summer 1980 
Summer 1981 

Summer 1980 

F a l l  

F a 1  1 

F a l l  

Winter 

Spring 

Spr ing  

Spr ing  

Percent  of s i t e  w i t h  depth  of 0.76-1.25 m 
Pe rcen t  of s i t e  w i t h  depth  of 0.76-1.25 m 

Percent  of s i t e  wi th  bedrock s u b s t r a t e  

Percent  of s i t e  w i t h  a depth  < 0.26 m 
Pe rcen t  of s i t e  w i t h  a depth  < 0.26 m 

Percent  of s i t e  wi th  boulder s u b s t r a t e  

Percent  of s i t e  wi th  a c u r r e n t  v e l o c i t y  of 
11-20 c m / s  

Percent  of s i t e  wi th  a depth  0.76-1.25 m 

Percent  of s i t e  wi th  depth  < 0.26 m 

None 

Area of s i t e  (ha )  

Percent  of s i t e  w i th  depth  of 0.76-1.25 m 

Gradien t  (m/km) 

-0.71 
-0.64 

-0.62 

0.75 
0.65 

0.58 

-0.69 

-0.78 

0.71 

-0.61 

-0.64 

0.78 

S i g n i f i c a n t  a t  0.05. 



102 

Table  36. C o r r e l a t i o n s  between h a b i t a t  parameters and d e n s i t y  of 
smallmouth bass  and Ozark bass. 

Season Smallmouth bass  C o r r e l a t i o n  Ozark bass  

Summer 
19 80 

F a l l  
1980 

Winter 
1980 

Spr ing  
1981 

Summe r 
1981 

Depth < 0.26 m 
Boulder s u b s t r a t e  
Cobble-boulder s u b s t r a t e  
Maximum depth  (m)  
Gradien t  (m/km) 
Depth of 0.76-1.25 m 
S i l t  s u b s t r a t e  
Area (m2)  

Maximum depth  (m) 

Depth of 0.26-0.75 m 

Maximum depth  (m) 

Depth < 0.26 m 
Maximum depth  (m) 
Gradien t  (m/km) 
Boulder s u b s t r a t e  
Depth of 0.76-1.25 m 
S i l t  s u b s t r a t e  
Aq ua t i c  veg e t a t i on 
Area ( h a )  

Pos i t  i v e  
P o s i t i v e  
P o s i t i v e  
P o s i t i v e  
P o s i t i v e  
Negative 
Negative 
Negative 

P o s i t i v e  
Negative 
Negative 

Negative 

P o s i t i v e  
Negative 
Negative 

Pos i t  i v e  
P o s i t i v e  
P o s i t i v e  
P o s i t i v e  
Negative 
Negative 
Negative 
Negative 

Depth < 0.26 m 
Boulder s u b s t r a t e  

Depth of 0.76-1.25 m 
Bedrock s u b s t r a t e  

Depth < 0.26 m 
Ve loc i ty  of 11-20 c m / s  
Depth of 0.76-1.25 m 

Gradien t  (m/km) 
Area ( h a )  
Depth of 0.76-1.25 m 

Depth < 0.26 m 

Depth of 0.76-1.25 m 
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w i t h  t h e  amount of bedrock. Areas of bedrock on t h e  Buf fa lo  River  a r e  

o f t e n  a s s o c i a t e d  w i t h  f a s t e r  flow. F a s t  c u r r e n t  i s  not  s u i t e d  f o r  Ozark 

bass  because t h e i r  body shape r e q u i r e s  them t o  expend a g r e a t  amount of 

energy i n  t h e s e  h a b i t a t s  t o  ma in ta in  themselves i n  a c u r r e n t  and t o  

cap tu re  prey. During t h e  second summer, on ly  dep th  w a s  c o r r e l a t e d  wi th  

dens i ty .  S ince  t h e  amount of area less t h a n  0.26 m w a s  a g a i n  

s i g n i f i c a n t ,  i t  could i n d i c a t e  t h a t  t h e  prime fo rag ing  areas ( r i f f l e s )  

were s t i l l  c r i t i c a l  and t h a t  food may have been a l i m i t i n g  f a c t o r  f o r  

Ozark bass  popu la t ions ,  even a t  t h e  reduced d e n s i t y  l e v e l  of 1981. 

% During t h e  f a l l ,  depth  ( l e s s  than  0.26 m) w a s  a g a i n  p o s i t i v e l y  

c o r r e l a t e d  w i t h  d e n s i t y ;  h i g h e r  v e l o c i t i e s  (11-20 cm/s) and t h e  depth 

range of 0.76-1.25 m were nega t ive ly  c o r r e l a t e d  wi th  dens i ty .  The 

e f f e c t  of h i g h e r  v e l o c i t i e s  would be expla ined  by t h e  body-shape 

hypo thes i s  presented  above. The p o s i t i v e  e f f e c t  of shallow depths  would 

a g a i n  be a s s o c i a t e d  w i t h  fo rag ing  needs. 

Stream g r a d i e n t  was t h e  only h a b i t a t  f a c t o r  p o s i t i v e l y  c o r r e l a t e d  

w i t h  d e n s i t y  i n  s p r i n g  as t h e  f i s h  began t h e i r  ups t r eam movements. Area 

w a s  n e g a t i v e l y  c o r r e l a t e d  i n  sp r ing .  A s  w i t h  smallmouth bass ,  t h e  

p o s i t i v e  r e l a t i o n s h i p  between d e n s i t y  and area i s  probably not  one of 

cause  and e f f e c t  but e x i s t s  because of t h e  i n t e r r e l a t i o n s h i p  betwen 

g r a d i e n t  and s i z e  of pools t h a t  occurs  on most r i v e r s ,  where area of t h e  

poo l  i n c r e a s e s  as g r a d i e n t  decreases .  The amount of area i n  t h e  depth  

range 0.76 m t o  1.25 m was a l s o  n e g a t i v e l y  c o r r e l a t e d  w i t h  d e n s i t y  i n  

s p r i n g  as i t  was dur ing  both summers and f a l l  f o r  Ozark bass and dur ing  

t h e  summers f o r  smallmouth bass.  The r eason  f o r  t h e  nega t ive  

c o r r e l a t i o n  between t h e  amount of t h e  s i t e  i n  t h i s  depth  range i s  

unc lea r .  
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D e n s i t i e s  of smallmouth bass  and Ozark bass  showed c o l i n e a r  

r e l a t i o n s h i p s  dur ing  both summers: 

R = 11.99 + 0.77 S r = 0.78 (1980) 

R = 10.40 + 1.00 S r = 0.80 (1981) 

where R = Ozark bass d e n s i t y  and S = smallmouth bass  d e n s i t y  and dur ing  

w i n t e r :  

I n  R = 0.97 + 0.05 S r = 0.91. 

Apparently s i t e  cond i t ions  dur ing  summer t h a t  favored one species a l s o  

favored t h e  o the r .  Furthermore,  i t  appears t h a t  compet i t ion  i s  not 

s e v e r e  between t h e  two spec ie s .  This  r e l a t i o n s h i p  between t h e s e  two 

species d i f f e r s  from t h a t  found by Surber. and Seaman (1949) i n  West 

V i r g i n i a  streams and Sanderson (1958) i n  t h e  Potomac River  t r i b u t a r i e s  

where inc reased  d e n s i t y  of rock bass  and ye l lowbe l ly  s u n f i s h  w a s  

n e g a t i v e l y  c o r r e l a t e d  w i t h  d e n s i t y ,  growth and c o n d i t i o n  f a c t o r s  of 

smal lmou t h bas s . 
The c o r r e l a t i o n  of f i s h  d e n s i t y  wi th  h a b i t a t  f a c t o r s  even a t  low 

d e n s i t y  l e v e l s  i n d i c a t e d  t h a t  h a b i t a t  played a n  impor tan t  p a r t  i n  

determining smallmouth bass  and Ozark bass  popu la t ion  s i z e s .  In such 

s i t u a t i o n s ,  t h e  s tock ing  of a d d i t i o n a l  bass  as has  been proposed would 

no t  be b e n e f i c i a l  and could be d e t r i m e n t a l .  

Standing Crop 

Smallmouth Bass 

The f l u c t u a t i o n  i n  s t and ing  c rops  w i t h i n  si tes between seasons  

r e f l e c t s  t h e  seasona l  movements of t h e  popu la t ion  d i scussed  under 

d e n s i t y .  Standing c rops  i n  t h e  Buf fa lo  R i v e r  ranged from 0.05 t o  

23.17 kg/ha  w i t h  means ranging from a low of 1.89 kg/ha i n  summer 1981 
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t o  a h igh  of 5.73 kg/ha  in summer 1980. Although t h e s e  va lues  are low, 

they are comparable t o  o t h e r  va lues  repor ted  i n  t h e  l i t e r a t u r e .  Brown 

(1960) found similar r e s u l t s  i n  Ohio where he r epor t ed  s t and ing  crops 

ranging from 3.3 kg/ha i n  t h e  North Fork of t h e  L i t t l e  M i a m i  River  t o  

13.5 kg/ha i n  Massie Creek. 

Missour i  where t h e  l l - y e a r  mean w a s  8.6 kg/ha f o r  Cour to i s  Creek and t h e  

7-year mean w a s  9.0 kg/ha f o r  Huzzah Creek. The va lues  I found were 

much lower than  t h o s e  r epor t ed  by Paragamian (1981) on t h e  Maquoketa 

R ive r ,  Iowa where biomass w a s  as high as 182.0 kg/ha a t  one s i te .  In 

f a c t ,  of t h e  11 s i tes  t h a t  h e  sampled i n  1978, on ly  f o u r  had s t and ing  

crops  lower t h a n  t h e  s t and ing  crops  obta ined  on t h e  Buf fa lo  River.  

Fa jen  (1972) a l s o  found similar r e s u l t s  i n  

Canoe a c t i v i t y  w a s  not c o r r e l a t e d  w i t h  s t a n d i n g  crops  except dur ing  

t h e  s p r i n g  when t h e r e  w a s  a p o s i t i v e  c o r r e l a t i o n  between s t and ing  crop 

and t o t a l  number of canoes ( r  = 0.71). Th i s  r e l a t i o n s h i p  w a s  b e s t  

descr ibed  by: 

and X = t h e  number of canoes f l o a t i n g  p a s t  t h e  s i t e  dur ing  sp r ing .  One 

p o s s i b l e  exp lana t ion  of t h i s  r e l a t i o n s h i p  i s  t h a t  i nc reased  canoe 

t r a f f i c  b e n e f i t t e d  smallmouth b a s s  popu la t ions  on t h e  upper r i v e r  by 

d i r c t l y  i n t e r f e r i n g  w i t h  t h e  h a r v e s t  of bass  o r  by d i scourag ing  s e r i o u s  

f i shermen from f i s h i n g  dur ing  t h i s  t i m e  of year .  

SC = -0.16 + O.O02X, where SC = s t a n d i n g  crop i n  kg/ha 

S tanding  crop w a s  a l s o  c o r r e l a t e d  wi th  v a r i o u s  seasona l  h a b i t a t  

parameters (Table  37, Appendix J ) .  S u b s t r a t e  appeared t o  be a l i m i t i n g  

f a c t o r  f o r  smallmouth bass  dur ing  summer and somewhat dur ing  sp r ing .  

Th i s  r e l a t i o n s h i p  was most: d ramat ic  dur ing  t h e  summer of 1980 when 

s t a n d i n g  crops  were high. During t h i s  pe r iod  inc reased  s i l t  and 

decreased  amounts of bedrock were a s s o c i a t e d  w i t h  decreased  s t and ing  

crop. This  r e l a t i o n s h i p  d i d  not  occur i n  1981. A s i m i l a r  r e l a t i o n s h i p  
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Table  37. Cor re l a t ions  between h a b i t a t  parameters and s t and ing  crop of 
smallmouth bass  i n  Buf fa lo  River ,  Arkansas. 

Season H a b i t a t  parameter r 

Summer 1980 
Summer 1981 

Summer 1980 

Summer 1980 

Summer 1981 

Summer 1981 

Summer 1980 

Summer 1980 

F a 1  1 

F a l l  

Winter 

Spring 

Area of s i t e  ( h a )  
Area of s i t e  ( h a )  

Percent  of s i t e  w i t h  s i l t  s u b s t r a t e  

Percent  of s i t e  wi th  a depth  of 0.76-1.25 m 

Gradient  (m /km) 

Maximum depth  (m) 

Percent  of s i t e  wi th  bedrock s u b s t r a t e  

Percent  of s i t e  wi th  depth  < 0.26 

Gradient  (m/km) 

Maximum depth  of pool  (m) 

Percent  of s i t e  wi th  v e l o c i t y  > 20 cm/s 

Percent  of s i t e  wi th  s i l t  and sand s u b s t r a t e  

-0.59 
-0.62 

-0.66 

-0.62 

0.79 

0.60 

0.62 

0.68 

0.94 

0.76 

0.60 

-0.65 

S i g n i f i c a n t  a t  0.05. 
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w a s  s een  i n  s p r i n g  when inc reased  amounts of s i l t  and sand aga in  

corresponded w i t h  decreased l e v e l s  of s t and ing  crop. S u b s t r a t e  d id  not  

appear  t o  be impor tan t  as a l i m i t i n g  f a c t o r  dur ing  o t h e r  seasons.  

Ve loc i ty  d id  not appear t o  l i m i t  s t and ing  crop except i n  win te r  

when t h e  amount of water of high v e l o c i t y  (21+ cm/s) appeared t o  be 

p o s i t i v e l y  c o r r e l a t e d  w i t h  s t and ing  crop. It i s  p o s s i b l e  t h a t  mixing 

a s s o c i a t e d  w i t h  h igh  v e l o c i t y  could be impor tan t  i n  p reven t ing  ice  

format ion  and i n  keeping water tempera ture  uniform and poss ib ly  warmer. 

Depth w a s  found t o  a l s o  be an important f a c t o r  a f f e c t i n g  s t and ing  

crop  a t  t h e  h i g h e r  1980 popu la t ion  l e v e l s .  I n  p a r t i c u l a r ,  t h e  

percentage  of a s i t e  w i t h  a dep th  less t h a n  0.26 m was p o s i t i v e l y  

c o r r e l a t e d  w i t h  s t and ing  crop. A s  s t a t e d  ea r l i e r ,  t h i s  shallow water  

a r e a  may be impor tan t  as a fo rag ing  area .  Conversely,  t h e  area of a 

s i t e  having a depth  between 0.76 and 1.25 m was n e g a t i v e l y  c o r r e l a t e d  

w i t h  s t and ing  crop. The importance of t h i s  depth  range and t h e  way t h i s  

i n t e r a c t i o n  o p e r a t e s  i s  unc lea r .  Maximum dep th  w a s  a l s o  important t o  

s t a n d i n g  crop i n  1981. This  h a b i t a t  was probably impor tan t  as a source  

of re fuge  from high summer temperature.  

Gradien t  ( p o s t i v e l y )  and area of t h e  pool  ( n e g a t i v e l y )  a l s o  were 

c o r r e l a t e d  w i t h  s t a n d i n g  crop. These f a c t o r s  are i n t e r r e l a t e d  because 

smaller pools are u s u a l l y  l o c a t e d  u p r i v e r  ( i . e .  , h i g h e r  g r a d i e n t s ) .  

These upstream s i tes  tended t o  be more s i l t  f r e e  and had p r o p o r t i o n a l l y  

more of t h e  p r e f e r r e d  h a b i t a t  i d e n t i f i e d  earlier under dens i ty .  The 

r e l a t i o n s h i p  between g r a d i e n t  and s t and ing  crop du r ing  f a l l  seems t o  

suppor t  t h e  downstream movement of bass ou t  of t h e  headwaters and 

t r ibu t a r i  e s hy po t hes i s pr  es en  t ed ear l ier  . 
The c o r r e l a t i o n  between va r ious  s u b s t r a t e  f a c t o r s  and s t and ing  crop 



dur ing  summer 1980 and t h e  absence of t h e s e  c o r r e l a t i o n s  i n  1981 

sugges ted  t h a t  t h e  1980 summer s t a n d i n g  crop l e v e l s  were nea r  o r  

approaching c a r r y i n g  capac i ty  of t h e  stream but had been reduced below 

c a r r y i n g  capac i ty  by summer 1981. I f  t h i s  hypo thes i s  i s  t r u e ,  then  

smallmouth bass popula t ions  i n  t h e  Buf fa lo  R ive r  are l i m i t e d  by t h e  low 

flows t h a t  occur c y c l i c a l l y  i n  t h i s  reg ion .  

The c o r r e l a t i o n  found by Paragamian (1981) between course  g r a v e l  

and cobble-gravel s u b s t r a t e s  and s t and ing  crop were not  found i n  t h e  

B u f f a l o  River.  The Maquoketa r i v e r  i s  a stream that con ta ins  l a r g e  

q u a n t i t i e s  of s i l t  and f i n e  g r a v e l  and l i m i t e d  amounts of t h e  types  of 

s u b s t r a t e  t h a t  I found t o  be opt imal  f o r  smallmouth bass  on Buf fa lo  

R ive r  (Appendix B ) .  It may be t h a t  i n  streams l i k e  t h e  Maquoketa River  

where s u i t a b l e  s u b s t r a t e  i s  not  p r e v a l e n t  t h a t  changes i n  s t and ing  crop 

are c l o s e l y  c o r r e l a t e d  w i t h  changes i n  t h e  amounts of p r e f e r r e d  

s u b s t r a t e .  However, i n  streams l i k e  t h e  Buf fa lo  R ive r ,  where p r e f e r r e d  

s u b s t r a t e  i s  abundant, s t a n d i n g  c rops  may be c o r r e l a t e d  w i t h  such t h i n g s  

as food a v a i l a b i l i t y .  Such a r e l a t i o n s h i p  i s  sugges ted  by t h e  f a c t  t h a t  

i n c r e a s e s  i n  t h e  amount of s i l t  and sand were c o r r e l a t e d  w i t h  dec reases  

i n  s t and ing  crop. The q u e s t i o n  t h e n  arises as t o  why a stream l i k e  t h e  

B u f f a l o  River  where s u i t a b l e  h a b i t a t  i s  abundant does no t  produce as 

much bass  biomass as t h e  Maquoketa R ive r  which i s  l i m i t e d  i n  t h e  amount 

of " p r e f e r r e d "  h a b i t a t ?  The d i f f e r e n c e  may be expla ined  as a r e s u l t  of 

r e g i o n a l  d i f f e r e n c e s  i n  o v e r a l l  p roduct i .v i ty .  

Ozark Bass 

The lower s t and ing  c rops  i n  summer 1981 t h a n  i n  summer 1980 were 

probably drought r e l a t e d .  However, t h e  changes were much less 
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pronounced on Ozark bass  t h a n  they  were on smallmouth bass.  Levels of 

canoe a c t i v i t y  i n  a s i t e  w a s  no t  c o r r e l a t e d  w i t h  Ozark bass  s t and ing  

crop. There were c o r r e l a t i o n s  (Table  3 8 ) ,  however, between summer and 

s p r i n g  s t and ing  c rops  and h a b i t a t  parameters p re sen t  a t  t h e  s i t e  

(Appendix K).  

Depth appeared t o  be t h e  most impor tan t  summer h a b i t a t  f a c t o r  

p a r t i c u l a r l y  du r ing  t h e  summer of 1981. However i n  s p r i n g ,  s u b s t r a t e  

w a s  t h e  most impor tan t  f a c t o r .  In c o n t r a s t  w i th  smallmouth bass ,  s i l t  

d i d  not c o r r e l a t e  w i th  t h e  s t and ing  crop of Ozark bass.  

There were few s imi l i a r i t i e s  between h a b i t a t  p re fe rences  between 

t h e  two ,species (Table 3 9 ) .  This l a c k  of s i m i l a r i t y  sugges t s  that  some 

p a r t i t i o n i n g  of h a b i t a t  i s  occur r ing  and t h a t  h a b i t a t  may be 

l i m i t e d  dur ing  pe r iods  when popu la t ions  are l a r g e  o r  dur ing  pe r iods  such 

a s  drought.  

H a b i t a t  U t i l i z a t i o n  

DeD t h 

There w a s  no d i f f e r e n c e  i n  t h e  summertime depth  u t i l i z a t i o n  

p a t t e r n s  of t h e s e  two s p e c i e s  (Table  7 ) ;  however, t h e r e  w a s  a 

s t a t i s t i c a l  d i f f e r e n c e  i n  win te r .  In w i n t e r ,  smallmouth bass  were 

n e t t e d  in water as deep as 2.13 mwhereas  Ozark bass  were t aken  a t  a 

maximum depth  of only 1 .63  m. I n  s p i t e  of t h e s e  d i f f e r e n c e s ,  mean 

d e p t h s  f o r  bo th  s p e c i e s  were almost i d e n t i c a l .  However, Ozark bass  

tended t o  occupy a wider  range of dep ths  i n  winter t h a n  d i d  smallmouth 

bass .  The sample  s i z e  f o r  Ozark bass  was t o o  small dur ing  o t h e r  seasons 

t o  a l low a v a l i d  comparison of dep th  u t i l i z a t i o n  between t h e s e  two 

species . 
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Table 38. C o r r e l a t i o n  between h a b i t a t  parameters and s t and ing  crop of 
Ozark bass  i n  Buf fa lo  R ive r ,  Arkansas. 

Season H a b i t a t  parameter r 

Summer 1980 
Summer 1981 

Summer 1981 

Summer 1980 

Summer 1980 
Summer 1981 

Summer 1981 

F a l l  

Winter 

Spr ing  

Spr ing  

Spr ing  

Spring 

Percent  of s i t e  w i t h  depth  of 0.76-1.25 m 
Percent  of s i t e  w i t h  depth  of 0.76-1.25 m 

Percent  of s i t e  w i t h  depth  > 1.75 m 

Percent  of s i t e  w i th  v e l o c i t y  of 11-20 c m / s  

Percent  of s i t e  w i t h  depth  < 0.26 m 
Percent  of s i t e  w i t h  depth  < 0.26 m 

Maximum dep th  (m) 

No ne 

None 

Area of s i t e  ( h a )  

Gradient (m/km) 

Percent  of s i t e  wi th  cobble and boulder  
s u b s t r a t e  

Percent  of s i t e  w i t h  cobble s u b s t r a t e  

-0.61 
-0.66 

-0.81 

-0.58 

0.66 
0.67 

0.58 

-0.64 

0.77 

0.63 

0.61 

S i g n i f i c a n t  a t  0.05. 
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Table 39. C o r r e l a t i o n s  between h a b i t a t  parameters and s t and ing  crop of 
smallmouth bass  and Ozark bass. 

Season Smallmouth bass C o r r e l a t i o n  Ozark bass 

Summer Depth < 0.26 m 
1980 Bedrock s u b s t r a t e  

Depth of 0.76-1.25 m 
Area (m2) 
S i l t  s u b s t r a t e  

F a l l  G r  a d i  e n t  (m/km) 
1980 Maximum depth  (m) 

Winter V e l o c i t y  > 20 cm/s 
1980 

Spring S i l t - s and  s u b s t r a t e  
1981 

Summer Area ( h a )  
1981 

Maximum depth  (m) 
Gradien t  (m/km) 

Pos i t  i v e  
P o s i t i v e  
Negative 
Negative 
Negative 

P o s i t i v e  
P o s i t i v e  

P o s i t i v e  

Negative 
P o s i t i v e  
P o s i t i v e  
Pos i t  i v e  

Negative 
Negative 
P o s i t i v e  
P o s i t i v e  

Depth .< 0.26 m 

Depth of 0.76-1.25 m 
Veloc i ty  of 11-20 c m / s  

Area ( h a )  
Gradient (m/km) 
Cobble-boulder s u b s t r a t e  
Cobble s u b s t r a t e  

Depth of 0.76-1.25 m 
Depth > 1.75 m 
Maximum depth  (m) 
Depth < 0.26 m 
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Veloc i ty  

The d i f f e r e n c e  i n  t h e  v e l o c i t i e s  u t i l i z e d  by smallmouth bass 

between t h e  two summers could r e s u l t  i n  two ways from h ighe r  water 

l e v e l s  i n  summer 1981 t h a n  i n  summer 1980. 

1. I f  smallmouth bass  s e l e c t e d  l o c a t i o n s  i n  t h e  c u r r e n t  as a 

f u n c t i o n  of s u b s t r a t e  and no t  v e l o c i t y  o r  depth ,  t h e  d a t a  would show a 

decided d i f f e r e n c e  i n  v e l o c i t i e s  u t i l i z e d .  

2.  I f  drought-induced m o r t a l i t y  rates were h ighe r  among smallmouth 

bass  t h a t  occupied t h e  pools t h a n  among those  r e s i d i n g  i n  t h e  c u r r e n t ,  

t h e  d a t a  would show a d i f f e r e n c e  i n  t h e  v e l o c i t i e s  u t i l i z e d .  The f i r s t  

of t h e s e  exp lana t ions  appears t h e  most l i k e l y .  

There d id  not appear t o  be any w i n t e r  h a b i t a t  p a r t i t i o n i n g  along 

t h e  v e l o c i t y  a x i s  among t h e s e  two s p e c i e s  (Table lo ) .  However, t h e r e  

was a s i g n i f i c a n t  d i f f e r e n c e  i n  v e l o c i t y  u t i l i z a t i o n  dur ing  summer. 

During summer 1981, Ozark bass  u t i l i z e d  areas of t h e  r i v e r  w i t h  less 

c u r r e n t  t h a n  t h o s e  occupied by smallmouth bass.  T h i s  p re fe rence  by 

Ozark bass  f o r  s lower  v e l o c i t i e s  t h a n  those  u t i l i z e d  by smallmouth bass 

may have been due t o  t h e  morphological d i f f e r e n c e s  between t h e  two 

spec ie s .  Compared w i t h  smallmouth bass ,  Ozark bass  have s h o r t e r ,  

t h i c k e r  bodies  t h a t  r e q u i r e  more expend i tu re  of energy t o  main ta in  

p o s i t i o n  a g a i n s t  t h e  c u r r e n t  than  smallmouth bass  w i t h  t h e i r  more 

s t r eaml ined  body. Morphology could a l s o  e x p l a i n  why Ozark bass  p r e f e r  

water w i t h  less c u r r e n t  dur ing  t h e  w i n t e r  when they  become less a c t i v e  

t h a n  dur ing  t h e  summer. Reduced food compe t i t i on  between t h e s e  two 

s p e c i e s  i n  t h e  w i n t e r  may e l i m i n a t e  t h e  need f o r  s e l e c t i n g  d i f f e r e n t  

areas of t h e  stream. 
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S u b s t r a t e  

I n  w i n t e r ,  t h e  two s p e c i e s  u t i l i z e d  t h e  same s u b s t r a t e s ,  bo th  

s p e c i e s  being found p r i m a r i l y  over  bedrock and secondar i ly  over boulder 

(Table  14). Winter i s  a pe r iod  of l i m i t e d  a c t i v i t y ,  t h u s  competition- 

r e l a t e d  p a r t i t i o n i n g  of h a b i t a t  might not be impor tan t .  

During t h e  summer of 1981, t h e  s u b s t r a t e  u t i l i z e d  by Ozark bass  

s h i f t e d  t o  boulder and secondar i ly  t o  bedrock whereas smallmouth bass 

u t i l i z e d  cobble as w e l l  as boulder and bedrock. I n  t h e  prev ious  summer, 

smallmouth bass  a l s o  u t i l i z e d  boulder-bedrock s u b s t r a t e s .  However, 

h a b i t a t  u t i l i z a t i o n  between t h e s e  two s p e c i e s  s t i l l  d i f f e r e d  

s i g n i f i c a n t l y  because of t h e  secondary p r e f e r e n c e  of Ozark bass  f o r  

v e g e t a t i o n  and of smallmouth bass  f o r  cobble and g rave l .  

C o e f f i c i e n t  of Condi t ion  

Smallmouth Bass 

There was a seasona l  c y c l e  i n  t h e  c o e f f i c i e n t  of cond i t ion  of t h e  

smallmouth bass  popula t ion .  However, t h e  two summer popu la t ions  a l s o  

d i f f e r e d ,  probably because of t h e  e f f e c t s  of t h e  1980 drought.  The 

seasona l  range of v a l u e s  of 1.13 t o  1.45 t h a t  were obta ined  on t h e  

Buf fa lo  River  are s imilar  t o  t h o s e  obta ined  f o r  popu la t ions  on o t h e r  

streams and r i v e r s  (Table  40). The r eason  f o r  t h e  unusual ly  h igh  K 

v a l u e s  a t  s i tes  7 and 10 dur ing  both summers i s  due probably t o  low 

popu la t ion  d e n s i t i e s .  I n  c o n t r a s t ,  f i s h  i n  s i t e  2 ,  which were p resen t  

a t  h igh  d e n s i t y ,  had a low K f a c t o r  dur ing  summer and f a l l .  

Condi t ion  f a c t o r  w a s  p o s i t i v e l y  c o r r e l a t e d  i n  summer 1981 w i t h  

t o t a l  l e n g t h  as has  been r epor t ed  by Bennett  (1937) and Lat ta  (1963). 
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Table 40. C o e f f i c i e n t s  of c o n d i t i o n ,  K ,  f o r  smallmouth bass from 
v a r i o u s  streams. 

L o c a l i t y  and a u t h o r i t y  K(TL) 

B u f f a l o  River ,  Arkansas ( p r e s e n t  s tudy  1980-81) 

Maquoketa Kiver ,  Iowa (Paragamian 1979) 

Volga River ,  Iowa (Paragamian 1979) 

1.13-1.45 

1.28-1.29 

1.29 

Turkey River ,  Iowa (Ackerman 1974) 1.27 

Des Moines River ,  Iowa (Reynolds 1965) 1.45 
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The d a t a  i n d i c a t e  t h a t  bass  i n  t h e  smaller l e n g t h  classes, p r i m a r i l y  

one-and two-year-old f i s h ,  were more food l i m i t e d  than  o t h e r  s i z e s  of 

f i s h .  The l a r g e s t  number of f i s h  a l s o  occupied t h i s  s i z e  range. This  

r e l a t i o n s h i p  d id  not occur dur ing  summer 1980 and i t s  absence under 

e a r l y  drought cond i t ions  i n d i c a t e  t h a t  compet i t ion  f o r  food w a s  not 

c r i t i c a l  under normal cond i t ions  and t h a t  t h e  drought e f f e c t  on t h e  

a q u a t i c  i n v e r t e b r a t e  community may not  have been f e l t  on t h e  f i s h e r y  

u n t i l  t h e  second summer. Th i s  i s  c o n s i s t e n t  wi th  t h e  hypo thes i s  t h a t  

t h e  summer, w i t h  i t s  low f lows ,  i s  t h e  per iod  t h a t  l i m i t s  bass  

popu la t ions  i n  t h e  Buf fa lo  River .  The reduced K f a c t o r s  f o r  smaller 

b a s s  i n  1981 but  no t  1980 could  a l s o  be r e l a t e d  t o  t h e  inc reased  

p roduc t ion  of young-of-the-year i n  1981 (Table  26)  as a r e s u l t  of t h e  

s t a b l e  water cond i t ions  of t h e  drought coupled w i t h  t h e  impact of 

a n o t h e r  s t r o n g  y e a r  class produced i n  1980. 

l a r g e  popu la t ion  of s m a l l  f i s h  t h a t  were fo rag ing  on an  a l r e a d y  l i m i t e d  

a q u a t i c  i n v e r t e b r a t e  community. 

Together they produced a 

Ozark Bass 

Condi t ion  f a c t o r s  of Ozark bass  v a r i e d  from h ighs  i n  t h e  summer t o  

lows i n  win ter .  A s  r epor t ed  f o r  smallmouth bass ,  t h e s e  v a r i a t i o n s  

appear  t o  r e f l e c t  changes i n  f eed ing  and a c t i v i t y  l e v e l s  a s s o c i a t e d  w i t h  

f a l l i n g  temperatures.  The s p r i n g  K f a c t o r  d i f f e r e d  between Ozark bass 

and smallmouth bass  s i n c e  Ozark bass  K i n  s p r i n g  w a s  s i g n i f i c a n t l y  

h i g h e r  t han  i t  was i n  win ter .  

weight  f a s t e r  i n  s p r i n g  t h a n  do smallmouth bass. This a c c e l e r a t e d  

weight  g a i n  could be because Ozark bass  become a c t i v e  and s t a r t  feeding  

e a r l i e r  i n  t h e  s p r i n g  than  smallmouth bass. 

Th i s  may i n d i c a t e  t h a t  Ozark bass  g a i n  

A s  i n  smallmouth bass ,  t h e  K 
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f a c t o r  f o r  f i s h  from sumner 1981 d i d  not reach  t h e  summer 1980 l e v e l .  

These d a t a  i n d i c a t e  t h a t  drought w a s  a f f e c t i n g  Ozark bass  as w e l l  as 

smallmouth bass.  

s e p a r a t e  s p e c i e s  i n  1977, no comparative informat ion  is  a v a i l a b l e .  

However, t h e  c o n d i t i o n  f a c t o r s  f o r  Buf fa lo  River  Ozark bass ,  1.74-2.16, 

were w i t h i n  t h e  range of c o n d i t i o n  f a c t o r s  c i t e d  by Car lander  (1977) f o r  

- A. r u p e s t r i s ,  a c l o s e l y  r e l a t e d  specd ie s .  

K v a l u e s  t h a t  were similar t o  t h o s e  of rock bass  i n  Alabama (1.64-2.28), 

Michigan (2.05-2.13), and I l l i n o i s  (1.86-2.49) bu t  would be r a t e d  

average  t o  poor compared t o  Minnasota va lues .  

S ince  - A. c o n s t e l l a t u s  w a s  only i d e n t i f i e d  as a 

Buf fa lo  River  Ozark bass  had 

R e l a t i o n s h i p  Between K and Dens i ty ,  

H a b i t a t  and Canoe Use 

There w a s  a l i n e a r  r e l a t i o n s h i p  ( r  = 0.66) dur ing  1981 between K 

and smallmouth bass  dens i ty .  This  r e l a t i o n s h i p  i s  descr ibed  by: K = 

1.13 + 0.006 N; where N = smallmouth bass  d e n s i t y  i n  number/ha. The 

r e l a t i o n s h i p  w a s  not presen t  dur ing  t h e  f i r s t  summer and may i n d i c a t e  

t h a t  t h o s e  s i tes  w i t h  h ighe r  d e n s i t i e s  dur ing  t h e  second summer had good 

food a v a i l a b i l i t y  compared t o  t h e  o t h e r  s i tes but  i n  t h e  beginning of 

t h e  drought (summer 1980), food w a s  n o t  as l i m i t i n g  because t h e  impacts 

of t h e  drought on t h e  a q u a t i c  i n v e r t e b r a t e  and fo rage  f i s h  popu la t ions  

had not been f u l l y  r e a l i z e d .  No r e l a t i o n s h i p  w a s  d e t e c t e d  between 

d e n s i t y  and K f o r  Ozark bass. 

The number of canoes us ing  a s t r e t c h  of r i v e r  w a s  c o r r e l a t e d  w i t h  

c o n d i t i o n  c o e f f i c i e n t s  f o r  bo th  s p e c i e s .  A n e g a t i v e  r e l a t i o n s h i p  

e x i s t e d  dur ing  both summers f o r  Ozark bass :  
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1980 K = 3.62 - 0.17 C ( r  = -0.89) 

1981 K = 3.81 - 0.22 C ( r  = -0.75) 

where C = t h e  t o t a l  number of canoes us ing  t h a t  r i v e r  s e c t i o n  dur ing  t h e  

yea r .  This  nega t ive  r e l a t i o n s h i p  would i n d i c a t e  t h a t  canoe t r a f f i c  w a s  

having a d i s r u p t i v e  impact  on Ozark bass  fo rag ing ,  food supply o r  on 

energy expend i tu re s  because of i nc reased  d i s tu rbance .  

I n  c o n t r a s t ,  dur ing  t h e  summer of 1981, t h e r e  w a s  a p o s i t i v e  

c o r r e l a t i o n  between smallmouth bass  K and canoe l e v e l s  ( r  = 0 .66 ) :  

K = 1.13 + 0.006 C. This  p o s i t i v e  c o r r e l a t i o n  probably r e f l e c t s  

t h e  improvement of K w i t h  t h e  r e d u c t i o n  of d e n s i t y  a s s o c i a t e d  w i t h  

removal of f i s h  by ang le r s .  S ince  food appears t o  be l i m i t i n g  dur ing  

summer 1981 , t h e  r educ t ion  of t h e  popu la t ion  by even l i m i t e d  ang l ing  

would cause an  improvement i n  t h e  amount of food a v a i l a b l e  f o r  t h e  

remainder of t h e  popula t ions .  

Most of t h e  h a b i t a t  parameters (Table  4 1 ,  Appendix L) tha t  were 

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  c o n d i t i o n  f a c t o r  i n  smallmouth bass  were 

s u b s t r a t e  t ypes  and c o r r e l a t i o n s  were i n  t h e  o p p o s i t e  d i r e c t i o n  from 

what i s  cons idered  good smallmouth bass  h a b i t a t .  The amount of s i l t  and 

sand were p o s i t i v e l y  c o r r e l a t e d  wi th  K,  whereas t h e  amount of boulder ,  

g r a v e l ,  and gravel-cobble were n e g a t i v e l y  c o r r e l a t e d  w i t h  K. 

C o e f f i c i e n t  of c o n d i t i o n  was p o s i t i v e l y  c o r r e l a t e d  wi th  those  s u b s t r a t e  

parameters t h a t  were n e g a t i v e l y  c o r r e l a t e d  w i t h  d e n s i t y  and s t and ing  

crop. These c o r r e l a t i o n s  may i n d i c a t e  t h a t  food w a s  t h e  l i m i t i n g  f a c t o r  

f o r  smallmouth bass. The same t r e n d  appea r s  t o  hold  f o r  Ozark bass  

(Table  4 2 ,  Appendix L)  dur ing  t h e  f i r s t  summr when popula t ions  were 

h igh .  A t  that  t i m e ,  t h e  amount of s i l t  and sand w a s  p o s i t i v e l y  

c o r r e l a t e d  w i t h  K and t h e  amount of boulder  s u b s t r a t e  was n e g a t i v e l y  
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Table 41. C o r r e l a t i o n s  between h a b i t a t  parameters and c o e f f i c i e n t  of 
c o n d i t i o n  of smallmouth bass  i n  Buf fa lo  River ,  Arkansas. 

~~~~ 

Season Hab i t a t  parameter r 

Summer 1980 Percent  of s i t e  wi th  depth  < 0.26 m -0.58 
Pe rcen t  of s i t e  wi th  boulder s u b s t r a t e  -0.64 
Mean depth  (m) 0.60 
Pe rcen t  of s i t e  w i t h  sand s u b s t r a t e  0.64 
Pe rcen t  of s i t e  w i t h  s i l t  and sand s u b s t r a t e  0.63 
Pe rcen t  of s i t e  wi th  depth  > 1.75 m 0.59 

Summer 1981 Pe rcen t  of s i t e  w i t h  boulder  s u b s t r a t e  
Pe rcen t  of s i t e  w i t h  g r a v e l  and cobble s u b s t r a t e  
Pe rcen t  of s i t e  w i t h  g r a v e l  s u b s t r a t e  
Pe rcen t  of s i t e  covered w i t h  a q u a t i c  v e g e t a t i o n  
Mean depth  (m) 
Pe rcen t  of s i t e  w i t h  s i l t  s u b s t r a t e  
Pe rcen t  of s i t e  w i t h  s i l t  and sand s u b s t r a t e  
Pe rcen t  of s i t e  w i t h  v e l o c i t y  of 1-10 cm/s 

-0.83 
-0.74 
-0.69 
-0.63 

0.73 
0.74 
0.71 
0.61 

F a l l  1981 None 

Winter 1980 Percent  of s i t e  w i t h  g r a v e l  and cobble s u b s t r a t e  -0.61 
Pe rcen t  of s i t e  wi th  s i l t  and sand s u b s t r a t e  -0.64 
Pe rcen t  of s i t e  wi th  depth  of 0.26-0.75 m 0.68 
Pe rcen t  of s i t e  w i t h  bedrock s u b s t r a t e  0.80 
Pe rcen t  of s i t e  w i t h  boulder  and bedrock s u b s t r a t e  0.84 

Spr ing  1981 Percent  of s i t e  wi th  pebble s u b s t r a t e  0.60 
~~ ~~ 

S i g n i f i c a n t  a t  0.05. 
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Table 42. C o r r e l a t i o n s  between h a b i t a t  parameters and c o e f f i c i e n t  of 
cond i t ion  of Ozark bass  i n  Buf fa lo  River ,  Arkansas. 

Season Hab i t a t  parameter r 

Summer 1980 

Summer 1981 

F a l l  1980 

Winter 1980 

Spring 1981 

Percent  of s i t e  w i th  boulder  s u b s t r a t e  
Percent  of s i t e  wi th  sand s u b s t r a t e  
Percent  of s i t e  wi th  s i l t  and sand s u b s t r a t e  

Percent  of s i t e  w i th  bedrock s u b s t r a t e  
Pe rcen t  of s i t e  wi th  boulder  and bedrock s u b s t r a t e  
Percent  of s i t e  wi th  cobble  s u b s t r a t e  
Percent  of s i t e  wi th  cobble and boulder  s u b s t r a t e  
Percent  of s i t e  wi th  g r a v e l  and cobble s u b s t r a t e  

Percent  of s i t e  wi th  depth  of 0.26-0.75 m 
Percent  of s i t e  wi th  v e l o c i t y  of 11-20 c m / s  
Percent  of s i t e  wi th  sand s u b s t r a t e  

G r  a d i  en t ( m /km ) 
Percent  of s i t e  wi th  depth  of 0.26-0.75 m 
Percent  of s i t e  wi th  bedrock s u b s t r a t e  
Percent  of s i t e  wi th  boulder  and bedrock s u b s t r a t e  

None 

-0.64 
0.82 
0.62 

-0.77 
-0.84 

0.75 
0.74 
0.62 

-0.65 
-0.63 

0.64 

-0.59 
0.60 
0.77 
0.81 

~ ~~ ~~~ 

S i g n i f i c a n t  a t  0.05. 
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c o r r e l a t e d  w i t h  K. However, a t  t h e  reduced popu la t ion  l e v e l s  of 1981, 

cobble ,  cobble-boulder and cobble-gravel,  t h e  more t y p i c a l  Ozark bass 

h a b i t a t  f a c t o r s  were p o s i t i v e l y  c o r r e l a t e d  w i t h  K. 

During t h e  win te r  months, c o n d i t i o n  f a c t o r  of smallmouth bass  and 

Ozark bass  w a s  p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  p ropor t ion  of bedrock and 

boulder-bedrock combinations a t  t h e  s i t e  and nega t ive ly  c o r r e l a t e d  wi th  

t h e  p ropor t ions  of gravel-cobble and s i l t - s a n d .  This  r e l a t i o n s h i p  may 

b e  a s s o c i a t e d  w i t h  t h e  need f o r  t h e s e  s p e c i e s  t o  have c r e v i c e s  and 

c racks  i n  which t o  seek p r o t e c t i o n  dur ing  pe r iods  of co ld  temperatures.  

These two species d i f f e r e d  i n  t h e  c o r r e l a t i o n s  between c o n d i t i o n  

f a c t o r s  and h a b i t a t  parameters dur ing  summer 1981 (Table  4 3 ) .  The 

p r o p o r t i o n  of gravel-cobble w a s  n e g a t i v e l y  c o r r e l a t e d  w i t h  K i n  

smallmouth bass but  p o s i t i v e l y  c o r r e l a t e d  wi th  t h a t  of Ozark bass. The 

d i f f e r e n c e  between t h e s e  c o r r e l a t i o n s  could r e s u l t  from p a r t i t i o n i n g  of 

h a b i t a t  dur ing  pe r iods  of stress. 

Age and Growth 

Smallmouth Bass 

There were f a s t e r  growth rates f o r  smallmouth bass  captured  dur ing  

summer 1980 and f a l l  t han  f o r  t h o s e  captured  dur ing  w i n t e r ,  s p r i n g  and 

sumner 1981. Movement of smallmouth bass  o u t  of t h e  t r i b u t a r i e s  and 

i n t o  t h e  r i v e r  dur ing  c o l d e r  weather w i th  t h e  t r i b u t a r y  bas s  having a 

s lower  growth ra te  could e x p l a i n  t h e s e  r e s u l t s  i f  t h e s e  t r i b u t a r y  bass  

remained i n  t h e  r i v e r  dur ing  t h e  s p r i n g  and fo l lowing  summer. Such an 

e x p l a n a t i o n  when coupled w i t h  t h e  reduced d e n s i t i e s  and popu la t ion  

l e v e l s  t h a t  have been p rev ious ly  desc r ibed  would r e q u i r e  h igh  m o r t a l i t y  

among t h e  r i v e r  bass.  Another p o s s i b i l i t y  i s  t h a t  t h e  m o r t a l i t y  
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Table 4 3 .  C o r r e l a t i o n s  between h a b i t a t  parameters and K f a c t o r s  of 
smallmouth bass  and Ozark bass.  

Season Smallmouth bass C o r r e l a t i o n  Oza rk  bass  

Summer 
1980 

Summer 
1981 

F a l l  
1980 

Winter 
1980 

Spr ing  
1981 

Sand s u b s t r a t e  P o s i t i v e  
S i l t - s and  s u b s t r a t e  P o s i t i v e  
Mean depth  (m) P o s i t i v e  
Depth > 1.75 m P o s i t i v e  
Boulder s u b s t r a t e  Negative 
Depth of < 0.26 m Negative 

S i l t  s u b s t r a t e  
S i l t - s and  s u b s t r a t e  
Ve loc i ty  of 1-10 c m / s  
Mean depth  (m) 
Boulder s u b s t r a t e  
Gravel-cobble s u b s t r a t e  
Gravel  s u b s t r a t e  
Aquat ic  v e g e t a t i o n  

Pos i t  i v e  
P o s i t i v e  
P o s i t i v e  
P o s i t i v e  
Negative 
Negative 
Negative 
Negative 

P o s i t i v e  
Negative 
Negative 

Depth of 0.26-0.75 m Pos i t  i v e  
Bedrock s u b s t r a t e  P o s i t i v e  
Boulder-bedrock s u b s t r a t e  P o s i t i v e  
S i l t - s and  s u b s t r a t e  Negative 
Gravel-cobble s u b s t r a t e  Negative 

Pebble s u b s t r a t e  P o s i t i v e  

Sand s u b s t r a t e  
S i l t - sand  s u b s t r a t e  

Boulder s u b s t r a t e  

Cobble s u b s t r a t e e  
Cobble-boulder s u b s t r a t e  
Grave 1-cobble s u b s t r a t e  

Bedrock s u b s t r a t e  
Boulder-bedrock s u b s t r a t e  

Sand s u b s t r a t e  
Depth of 0.26-0.75 m 
Ve loc i ty  of 11-20 c m / s  

Depth of 0.26-0.75 m 
Bedrock s u b s t r a t e  
Boulder-bedrock s u b s t r a t e  
Gradient (m/km) 
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a s s o c i a t e d  w i t h  t h e  drought w a s  g r e a t e s t  among t h e  f a s t e r  growing 

i n d i v i d u a l s  of t h e  popula t ions .  

Excepting f i r s t  year  growth which appeared t o  be excep t iona l  and 

t h a t  of t h e  f o u r t h  yea r  which was s l i g h t l y  s lower  t h a n  normal, t h e  

l e n g t h s  a t t a i n e d  by each age group seemed c o n s i s t e n t  w i th  l e n g t h s  

a t t a i n e d  by smallmouth bass  i n  Ozark streams i n  Missour i  (Table 4 4 ) .  

However , compared t o  l e n g t h s  r epor t ed  by Reynolds (1965) and Paragamian 

(1973) f o r  f i s h  from r i v e r s  i n  Iowa and Wisconsin, r e s p e c t i v e l y ,  Buffa lo  

R ive r  smallmouth bass  were smaller, e s p e c i a l l y  a f t e r  completion of t h e  

second and t h i r d  growing seasons.  Overa l l ,  however, Buf fa lo  River  

smallmouth bass  were very similar i n  s i z e  t o  t h e  North American average 

provided by Coble (19751, exceeding i t  i n  age groups I and V I .  

comparison of growth dur ing  1975-1976 (Kilambi e t  a l .  1977) w i t h  growth 

of 1980-1981 i n d i c a t e  t h a t  growth rates have inc reased  over t h e  f i v e  

year  pe r iod ,  p a r t i c u l a r l y  f o r  age III+ bass  and young-of-the-year; bu t  

A 

have dec l ined  f o r  age I1 bass. 

due t o  improvement of a q u a t i c  h a b i t a t  as land  a long  t h e  r i v e r  w a s  

removed from a g r i c u l t u r a l  and r e s i d e n t u a l  a c t i v i t i e s .  The dec rease  i n  

second y e a r  growth could r e s u l t  from inc reased  i n t r a s p e c i f i c  competit ion 

due t o  g r e a t e r  s u r v i v a l  of age I f i s h .  

The i n c r e a s e  over t h i s  pe r iod  could be 

Ozark Bass 

During t h e  process  of aging Ozark bass  scales, t h e  f i r s t  annulus 

was c o n s i s t e n t l y  missed f o r  s c a l e  samples t a k e n  du r ing  summer 1980 and 

f a l l .  The d i f f i c u l t y  i n  l o c a t i n g  t h e  f i r s t  annulus  w a s  no t  due t o  poor 

technique  i n  ag ing  Ozark bass  s c a l e s  s i n c e  scales were no t  read u n t i l  

a l l  sampling w a s  complete and scales were organized  by s i t e  not season. 



Table  44. Size  a t  age of smallmouth bass  from d i f f e r e n t  waters. 

T o t a l  l e n g t h  (mm) a t  each annulus 
L o c a l i t y  and a u t h o r i t y  I I1 111 IV v VI VI1 VI11 IX 

Buf fa lo  R ive r ,  AR 
( p r e s e n t  s tudy  ) 

Buf fa lo  R ive r ,  AR 
(Kilambi e t  a l .  1 9 7 7 )  

Big Piney Kiver ,  MO 
(Funk and F l e e n e r  1 9 7 4 )  

Cour to i s  Creek, MO 
(Fa jen  1 9 7 2 )  

Huzzah Creek, MO 
( F a j e n  1 9 7 2 )  

I l l i n o i s  R ive r ,  OK 
(Leonard & Jenk ins  1 9 5 4 )  

L i t t l e  River  System, OK 
( F i n n e l l  1955)  

Plove r  R ive r ,  WI 
( Pa ragami an  19 7 3 )  

Red Cedar. River  , W I  
(Paragami a n  19 7 3 )  

115 166 222 268 319 367 413 439 

109 177 221 259 313 347 

86  160 216 269 325 378 411 434 445 

8 0  152 213 272 338 380 420 442 495 

81  155 218 273 331 390 438 461 484 

8 6  173 246 328 

99 188 241 290 338 371 

91 158 220 297 366 410 440 455 476 

100 190 274 329 383 407 424 444 



Table 44. Continued. 

L o c a l i t y  and a u t h o r i t y  
Tota l  l eng th  (mm) a t  each annulus 

I I1 I11 IV v VI VI1 VI11 IX 

Potomac R ive r ,  MD 
(Sanderson 1955)  

Des Moines River ,  I A  
(Reynolds 1965)  

North American Average 
(Coble 1975)  

107 188 249 295 333 386 

119 229 297 340 388 411 

93 168 230 275 318 353 375 398 423 



Therefore ,  t h e  d i f f i c u l t y  i n  l o c a t i n g  t h i s  annulus  f o r  f i s h  caught 

dur ing  summer 1980 and f a l l  w a s  repeated on 12 s e p a r a t e  occasions.  It 

may be t h a t  Ozark bass  d id  not  form an  annulus du r ing  th i s  period. 

F a i l u r e  t o  form annulus has  been documented i n  slow-growing b l u e g i l l  

popu la t ions  (Regier  1959). Data from annu l i  I I - V  sugges t s  t h e  presence 

of two d i f f e r e n t  subpopula t ions  and t h a t  t h e  s lower  growing 

subpopula t ion  had h i g h e r  drought r e l a t e d  m o r t a l i t y  t h a n  d id  t h e  f a s t e r  

growing ones. This  t r e n d  i s  t h e  oppos i t e  of what w a s  found f o r  

smallmouth bass. 

S i t e s  5 and 10 t h a t  produced good growth f o r  Ozark bass  a l s o  

produced good growth f o r  smallmouth bass. 

Although no growth d a t a  have been publ i shed  on Ozark bass ,  

comparisons can be made between Ozark bass  and rock bass. Growth of age 

I Ozark bass  were similar t o  t h a t  f o r  smallmouth bass  i n  t h a t  i t  was 

g r e a t e r  i n  popula t ions  i n  t h e  Buf fa lo  R ive r  t h a n  f o r  rock bass  i n  most 

o t h e r  waters (Table  4 5 ) .  A f t e r  t h e  f i r s t  yea r ,  however, growth tended 

t o  f a l l  behind t h a t  found i n  o t h e r  waters.  

Food Hab i t s  and A v a i l a b i l i t y  

Food Hab i t s  

There w a s  s h i f t  i n  d i e t  composition from f i s h  and i n s e c t s  t o  

c r a y f i s h  and f i s h  as smallmouth bass inc reased  i n  s i z e ;  t h i s  s h i f t  would 

minimize i n t e r s p e c i f i c  competit ion.  Ozark bass  s h i f t e d  away from 

u t i l i z a t i o n  of i n s e c t s  and toward heavy dependence on c r a y f i s h  as they  

grew. Such s h i f t s  reduced food ove r l ap  between Ozark bass  of v a r i o u s  

s i z e s .  The two s p e c i e s  a l s o  appeared t o  have d i e t s  which would reduce 

i n t e r s p e c i f i c  compet i t ion ;  smallmouth bass  f ed  on f i s h  u n t i l  they 



Table  45. S i ze  a t  age of Ozark bass  from d i f f e r e n t  waters. Growth d a t a  obta ined  
from Car landaer  (1977). Data i s  f o r  A .  r u p e s t r i s  except  f o r  t h e  d a t a  from t h e  
p r e s e n t  s tudy  which i s  f o r  - A. c o n s t e l i a t u s .  

T o t a l  l e n g t h  (mm) a t  each annulus 
L o c a l i t y  and a u t h o r i t y  I I1 I11 IV v V I  VI1 V I 1 1  IX 

Buf fa lo  -River,  AR 
( p r e s e n t  s tudy  ) 

Black Rive r ,  MO 

Missour i  s t a t e w i d e  

Missour i  headwaters 

Missour i  middle r i v e r  

Missour i  lower r i v e r  

Missour i  b e s t  average  

Unweighted mean f o r  
OH, I L ,  I N ,  KY, MO 

Unweighted mean f o r  
NC,  VA, OK, TN 

I l l i n o i s  R ive r ,  OK 

53  93  

40 76 

41 86  

41 81 

43 91 

46 94 

53 114 

49 91 

59 117 

43 107 

125 

119 

140 

132 

142 

145 

175 

139 

160 

147 

157 

152 

178 

175 

178 

188 

221 

170 

188 

188 

183 

185 

203 

203 

198 

208 

239 

194 

198 

206 

211 231 256 

185 

216 

218 

213 

21 1 

249 262 277 279 

206 216 225 229 

214 228 258 
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reached 301 mm t o t a l  l e n g t h  wh i l e  Ozark bass  f ed  heav i ly  on c r a y f i s h  and 

i n s e c t s  wh i l e  i n  t h i s  s i z e  range. 

These r e s u l t s  are similar t o  those  r epor t ed  by Kilambi e t  a l .  

(1977) f o r  Buf fa lo  R ive r  smallmouth bass  i n  1975. 

and immature smallmouth bass  had a l a r g e r  percentage  of f i s h  than 

c r a y f i s h  i n  t h e i r  d i e t  dur ing  summer. Aggus (1973) found smallmouth 

bass  foraged p r i n c i p a l l y  on f i s h  dur ing  t h e  summer and only r e l i e d  on 

c r a y f i s h  dur ing  t h e  win te r .  Kilambi e t  a l .  (1977) r e p o r t e d  a similar 

r e l a t i o n s h i p  w i t h  a d u l t  smallmouth bass  on t h e  Buf fa lo  River.  These 

d a t a  are c o n s i s t e n t  w i t h  t h e  c u r r e n t  d a t a  except  f o r  t h e  f a c t  t h a t  

smallmouth bass over  300 mm f e d  almost e x c l u s i v e l y  on c r a y f i s h  i n  my 

s tudy .  With immature bas s  feeding  on f i s h  yea r  round and a d u l t s  feeding  

on  f i s h  dur ing  most of t h e  y e a r ,  i t  i s  probable  t h a t  a major 

p e r t u r b a t i o n  such as drought would a f f e c t  t h e  minnow popu la t ion  which 

would i n  t u r n  a f f e c t  t h e  smallmouth bass  popu la t ion  more than  t h e  Ozark 

bass  popula t ion .  In  a d d i t i o n ,  t h e s e  impac t s  should  be f e l t  most by t h e  

younger, smaller bass.  This  hypo thes i s  may e x p l a i n  t h e  reduced 

smallmouth bass  popu la t ion  dur ing  t h e  second summer. 

I n  1975, bo th  a d u l t  

Food A v a i l a b i l i t y  

There were c o r r e l a t i o n s  between d e n s i t y  and s t and ing  crop of 

smallmouth bass  popu la t ions  dur ing  t h e  summer of 1981 and r e l a t i v e  

d e n s i t y  of c r a y f i s h  and a q u a t i c  i n v e r t e b r a t e  popu la t ions  dur ing  

September 1981 and 1982, r e s p e c t i v e l y  (Table 4 6 ) .  The r e l a t i o n s h i p  wi th  

c r a y f i s h  d e n s i t y  was p o s i t i v e  whereas t h e  r e l a t i o n s h i p  w i t h  t h e  r e l a t i v e  

d e n s i t y  of a q u a t i c  i n v e r t e b r a t e s  w a s  nega t ive .  No c o r r e l a t i o n s  were 

found between smallmouth bass  c o n d i t i o n  f a c t o r s  and d e n s i t i e s  of 



Table  46. C o r r e l a t i o n s  between summer d e n s i t y  (# /ha ) ,  s tanding  crop (kg/ha)  , and 
c o n d i t i o n  f a c t o r s  of smallmouth bass  and Ozark bass  and r e l a t i v e  d e n s i t i e s  of f o r a g e  
f i s h  (# /  10 s e i n e  hauls  ) , c r a y f i s h  ( #/m2) and a q u a t i c  i n v e r t e b r a t e  popula t ions  (R/8 
samples) i n  B u f f a l o  River ,  Arkansas. 

S p e c i e s  & i n d i c e s  Prey R e l a t i o n s h i p  r 

Smallmouth bass  

I n  N = 1.01 + 0.18 C 

N = 151.17 - 22.71 I n  I 

S = -0.91 + 0.93 C 

S = 26.58 - 4.04 I n  I 

Densi ty  ( N )  

Densi ty  ( N )  

Standing crop ( S )  

Standing crop (S )  

Dens i ty  ( N )  

Densi ty  ( N )  

S tanding  crop ( S )  

Standing  crop (S)  

Standing Crop ( S )  

Condi t ion  f a c t o r  (K) 

C r a y f i s h  (C) 

Aquatic  i n v e r t e b r a t e s  (I)  

C r  ay f i s h 

Aquat ic  i n v e r t e b r a t e s  ( I )  

Ozark bass  

C r a y f i s h  (C) 

Forage f i s h  (F)  

C r a y f i s h  (C) 

Forage f i s h  ( F )  

Aquat ic  i n v e r t e b r a t e s  (I)  

Aquatic i n v e r t e b r a t e s  (I)  

I n  N = 1.81 + 0.29 C 

N = 195.66 - 37.13 I n  F 

S = -0.77 + 1.14 C 

S = 25.02 - 4.85 In F 

S = 22.78 - 3.28 I n  I 

K = -187.58 + 0.45 I 

0.63 

-0.68 

0.70 

-0.76 

0.68 

-0.60 

0.81 

-0.62 

-0.62 

0.80 

Data on a q u a t i c  i n v e r t e b r a t e  d e n s i t i e s  from Gel tz  and Kenny (1982) 



c ray f i s  h . 
C o r r e l a t i o n s  similar t o  t h o s e  found w i t h  smallmouth bass  were a l s o  

found f o r  Ozark bass  (Table  46). 

were p o s i t i v e l y  c o r r e l a t e d  w i t h  d e n s i t y  of c r a y f i s h  popula t ions  and 

n e g a t i v e l y  c o r r e l a t e d  w i t h  fo rage  f i s h  dens i ty .  Although dens i ty  of 

Ozark bass  w a s  no t  c o r r e l a t e d  w i t h  r e l a t i v e  d e n s i t y  of a q u a t i c  

i n v e r t e b r a t e  popu la t ions ,  s t and ing  crop was found t o  be nega t ive ly  

c o r r e l a t e d .  Also, t h e  only c o r r e l a t i o n  between Ozark bass  cond i t ion  

f h c t o r  and d e n s i t y  of food organisms w a s  a p o s i t i v e  c o r r e l a t i o n  between 

c o n d i t i o n  f a c t o r  and r e l a t i v e  d e n s i t y  of a q u a t i c  i n v e r t e b r a t e s .  

Ozark bass  d e n s i t y  and s t and ing  crop 

These c o r r e l a t i o n s  between d e n s i t y ,  s t a n d i n g  crop and K and the 

l o c a l  a v a i l a b i l i t y  of t h e  t h r e e  major food items sugges t s  t h a t  food i s  a 

l i m i t i n g  f a c t o r  i n  t h i s  Ozark stream. However, t h e  r e l a t i o n s h i p  between 

p r e d a t o r  and prey i s  not c l e a r ;  t h e  p o s i t i v e  c o r r e l a t i o n  between numbers 

of c r a y f i s h  and d e n s i t y  of both s p e c i e s  could  be due t o  p a r a l l e l  

c o r r e l a t i o n s  between both f i s h  and c r a y f i s h  but  could a l s o  mean t h a t  

c r a y f i s h  are a major food i tem and were a n  impor tan t  determinant of 

s t a n d i n g  crop and dens i ty .  I f  t h e  l a t t e r  r e l a t i o n s h i p  exis ts ,  t h e  

p o s i t i v e  c o r r e l a t i o n  would sugges t  t h a t  t h e  e x i s t i n g  d e n s i t i e s  of bo th  

s p e c i e s  were not  high enough t o  impact  t h e  c r a y f i s h  popula t ion .  A 

c o r r e l a t i o n  w a s  found between 1981 c r a y f i s h  d e n s i t y  and s t and ing  crop 

f o r  smallmouth bass  and g r a d i e n t ,  however, no c o r r e l a t i o n  w a s  found f o r  

s t and ing  crop of Ozark bass.  Standing crop f o r  smallmouth bass ,  bu t  no t  

Ozark bass ,  was a l s o  c o r r e l a t e d  w i t h  g r a d i e n t  dur ing  summer 1981; t h i s  

s u g g e s t s  t h a t  c r a y f i s h  popu la t ions  may be in f luenced  by similar h a b i t a t  

f a c t o r s  as smallmouth bass  and may e x p l a i n  t h e  h e a v i e r  u se  of c r a y f i s h  

as a food i t e m  dur ing  t h i s  s tudy  than  was found i n  1975 by Kilambi e t  



130 

a l .  (1977). In 1975, a pe r iod  of peak flow (Appendix A), t h e  popu la t ion  

of forage  f i s h  probably w a s  h i g h e r ,  pe rmi t t i ng  a g r e a t e r  u se  of f i s h  

t h a n  i n  t h e  low flow pe r iod  encountered dur ing  t h i s  study. The i n v e r s e  

r e l a t i o n s h i p  between d e n s i t y  and s t and ing  crop of smallmouth bass and 

Ozark bass  and t h e  r e l a t i v e  d e n s i t i e s  of a q u a t i c  i n v e r t e b r a t e s  and 

fo rage  f i s h  sugges ted  t h a t  no t  only were a q u a t i c  i n v e r t e b r a t e s  and 

fo rage  f i s h  d e n s i t i e s  impor tan t  f a c t o r s  i n  r e g u l a t i n g  t h e  popula t ions  of 

t h e s e  two s p e c i e s ,  b u t  a l s o  t h a t  a f t e r  a summer of low flow and 

r e s t r i c t e d  pools ,  t h e s e  two s p e c i e s  were a l s o  impacting t h e  d e n s i t y  

l e v e l s  of t h e i r  food items. I f  t h i s  i n t e r p r e t a t i o n  i s  c o r r e c t ,  s tock ing  

of a d d i t i o n a l  p reda to r s  could cause a r e d u c t i o n  i n  d e n s i t y  and s t and ing  

crop of bo th  smallmouth bass  and Ozark bass.  I n  a d d i t i o n ,  any f a c t o r  

t h a t  reduced t h e  p roduc t ion  of e i t h e r  a q u a t i c  i n v e r t e b r a t e s  o r  t h e  

minnow popu la t ion  would have a d i r e c t  impact on t h e  f i s h e r y .  S i m i l a r l y ,  

a n  improvement i n  minnow/aquatic i n v e r t e b r a t e  h a b i t a t  o r  product ion  

would have a p o s i t i v e  impact on t h e  f i s h e r y .  

Reproduct i o n  

Although both methods used t o  e v a l u a t e  r ep roduc t ion  have t h e i r  

l i m i t a t i o n s  as i n d i c a t o r s  of r ep roduc t ion  ( t h e  d i f f i c u l t y  of s e i n i n g  i n  

r u b b l e  s u b s t r a t e  and t h e  s i z e  s e l e c t i v i t y  of e l e c t r o s h o c k i n g ) ,  t h e  use 

of e l ec t roshock ing  as a re la t ive  index of r ep roduc t ion  appeared t o  be 

t h e  b e t t e r  of t h e  two methods. E s t i m a t e s  f o r  smallmouth b a s s  

r ep roduc t ion  were obta ined  f o r  11 of 1 2  s i tes  dur ing  1980 us ing  

e l ec t roshock ing  compared t o  7 of 10 s i tes  us ing  s e i n e s .  Although t h e  

r e s u l t s  v a r i e d ,  bo th  methods r e s u l t e d  i n  r e l a t i v e  estimates of 

smallmouth bass  r ep roduc t ion  f o r  8 of 12 s i t e s  dur ing  1981. Ne i the r  
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method produced good r e s u l t s  f o r  Ozark bass  a l though s e i n i n g  had t h e  

b e s t  p o t e n t i a l  f o r  success  due t o  t h e  small s i z e  of young-of-the-year 

Ozark bass  and t h e  d i f f i c u l t y  i n  see ing  and n e t t i n g  them from a moving 

boa t .  

Based on t h e  e l ec t roshock ing  samples ,  t h e r e  w a s  a d e c l i n e  of 79% i n  

smallmouth bass  young of yea r  mean d e n s i t y  from 1980 t o  1981 (Table 26). 

T h i s  r e l a t i o n s h i p  corresponds w i t h  t h e  64.6% dec rease  i n  smallmouth bass  

d e n s i t y  f o r  t h e  popu la t ion  as a whole. S i t e  2 had t h e  h i g h e s t  

p roduct ion  of young of t h e  yea r  bass  of a l l  s i tes  f o r  bo th  summers. 

These d a t a  provide some evidence  t h a t  canoeing w a s  not d i s r u p t i n g  

spawning, s i n c e  s i t e  2 has  more canoe a c t i v i t y  du r ing  t h e  spawning 

season  t h a n  any o t h e r  s i t e .  S i t e  3 a l s o  r e c e i v e s  heavy s p r i n g  canoe 

t r a f f i c  and i t  t o o  had a r e l a t i v e l y  high d e n s i t y  of young-of-the-year 

dur ing  summer 1980. 

r e l a t i v e  d e n s i t i e s  t o  occur i n  t h e  upper s e c t i o n s  of t h e  r i v e r .  The 

on ly  s i t e  t o  have more young of t h e  yea r  smallmouth bass  i n  1981 than  

1980 w a s  s i t e  7. Poss ib ly  t h e  reason  f o r  t h i s  i n c r e a s e  i s  t h a t  s i t e  7 

smallmouth bass  had a much h ighe r  c o e f f i c i e n t  of c o n d i t i o n  i n  1981 than  

smallmouth bass i n  o t h e r  s i tes  which could have r e s u l t e d  i n  inc reased  

f e cun d i  t y . 

There w a s  a tendency f o r  h ighe r  young-of-the-year 

Creel Census 

Creel R e s u l t s  

Although t h e  o v e r a l l  ca t ch  rates of 0.47 f i s h / h r  i s  low compared t o  

rates f o r  o t h e r  smallmouth bass  streams (Table  471,  t h e  c a t c h  rate f o r  

smallmouth bass  w a s  h i g h e r  t han  t h a t  r epor t ed  f o r  o t h e r  r i v e r s .  I n  

comparison t h e  c a t c h  rate f o r  Ozark bass  w a s  s l i g h t l y  lower than t h e  0.1 
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Table 47. Catch rates of smallmouth bass  f o r  va r ious  waters. 

Streams and a u t h o r i t y  
Catch ra te  ( f i s h / h o u r )  

A l l  f i s h  Smallmouth bass  

Buf fa lo  R ive r ,  AR 
( p r e s e n t  s tudy  1981) 

Cour to i s  Creek, MO 
(Fa jen  1972; F leene r  1975) 

Huzzah Creek, MO 
(F leene r  1971; 1972) 

Big Piney River ,  MO 
( F l e e n e r  1974) 

.. Current  R ive r ,  MO 
(F leene r  1971, 1973) 

Potomac River ,  MD 
(Sanderson 1958, 1959) 

South Branch, Potomac R ive r ,  MD 
(Surber  and Seaman 1949) 

Cacapon R ive r ,  WV 
(Surbe r  and Seaman 1949) 

Shenandoah R ive r ,  VA 
(Surbe r  1969) 

Red Cedar R ive r ,  W I  
(Paragamian and Coble 1975) 

L i t t l e  M i a m i  R ive r ,  OH 
(Brown 1960) 

~ ~~~ ~~~~ 

0.47 0.29 

0.84 0.07-0.12 

0.64 0.06-0.10 

0.59 0.02-0.06 

0.34 0.09-0.10 

0.87 0.06-0.13 

0.08 

0.06-0.13 

0.16-0.72 

0.07 

0.04 

Source: Funk (1975) and Paragamian and Coble (1975) 
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f i s h / h r  ra te  f o r  t h e  L i t t l e  M i a m i  River  system i n  Ohio repor ted  by Brown 

(1960). These c a t c h  r a t e s  sugges t  t h a t  t h e  f i s h e r y  i s  not being 

s e r i o u s l y  dep le t ed  by c u r r e n t  f i s h i n g  p r e s s u r e  and t h a t  c u r r e n t  canoe 

l e v e l s  are not having a s e r i o u s  e f f e c t  on o v e r a l l  a n g l e r  success .  Ozark 

bass  do not  a p p e a r  t o  be a c t i v e l y  sought a f t e r  by a n g l e r s  s i n c e  t h e  

l a r g e  popula t ion  of Ozark bass  should  be r ep resen ted  by a h ighe r  ca t ch  

r a t e  t han  what w a s  found. 

F l eene r  (1975) i n  h i s  work on t h e  h e a v i l y  e x p l o i t e d  Cour to i s  Creek 

found t h a t  83% of t h e  smallmouth bass  caught were less than  5 years o ld .  

On t h e  Buf fa lo  R ive r  only 65.7% of t h e  c a t c h  are less than  age V. These 

d a t a  i n d i c a t e  t h a t  t h e  smallmouth bass  popu la t ion  i s  not  being 

ove r f i shed .  F u r t h e r  evidence t h a t  t h e  Buf fa lo  River f i s h e r y  i s  not over  

e x p l o i t e d  i s  provided by t h e  f a c t  t h a t  age I, 11, and 111 f i s h  comprised 

less than  20% of t h e  ca t ch ,  compared t o  78% f o r  t h e  Red Cedar R ive r ,  

Iowa (Paragamian 1973),  62% f o r  t h e  N i a g r i a  R ive r ,  Missour i  (Funk and 

F leene r  1966), and 86% f o r  t h e  Maquoketa R ive r ,  Iowa (Paragamian 1979). 

Another s i g n  of l ack  of e x p l o i t a t i o n  i s  t h a t  mean l e n g t h  f o r  t h e  ca t ch  

from Buf fa lo  River  w a s  280 mm compared t o  262 mm i n  Red Cedar River ,  

Iowa (Paragamian 1973) and 242 and 259 mm f o r  two s e c t i o n s  of t h e  

Maquoketa R ive r ,  Iowa (Paragamian 1979). 

The percentage  composition of smallmouth bass  less than  230 mm 

t o t a l  l e n g t h  i n  t h e  c r e e l  i s  lower than  t h e  percentage  composition of 

t h e s e  f i s h  i n  t h e  n a t u r a l  popu la t ion  ( F i g u r e  5) .  

anglers were s e l e c t i v e  i n  t h e i r  h a r v e s t  and t h a t  f i s h i n g  p r e s s u r e  was 

no t  heavy. Smallmouth bass  over 350 mm t o t a l  l e n g t h  were rep resen ted  i n  

t h e  creel i n  approximately t h e  same percentage  as they were p resen t  i n  

t h e  n a t u r a l  popula t ion .  These d a t a  provide  evidence t h a t  over- 

The d a t a  sugges t  t h a t  
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e x p l o i t a t i o n  w a s  not occu r r ing  but  t h a t  smaller smallmouth bass  were 

more vu lne rab le  t o  angl ing  than  l a r g e r  bass. 

The p ropor t ion  of Ozark bass  less than  180 mm t o t a l  l e n g t h  i n  the 

creel i s  f a r  lower t h a n  t h e i r  p ropor t ion  i n  t h e  n a t u r a l  popula t ion .  

These d a t a  a l s o  i n d i c a t e  t h a t  anglers are s e l e c t i n g  f o r  l a r g e r  Ozark 

bass  (F igu re  6 )  and sugges t  t h a t  angl ing  p r e s s u r e  on Ozark bass  w a s  

low. 

S ince  Ozark bass ,  l i k e  t h e  rock bass  (Car l ande r  1977), probably 

reach  ma tu r i ty  a t  age I1 and d id  not  appear i n  the creel i n  l a r g e  

numbers u n t i l  age V ,  they  have t h e  p o t e n t i a l  f o r  spawning a t  least  t h r e e  

times be fo re  they  become s u s c e p t i b l e  t o  ang l ing  p res su re .  

Length Frequency 

Smallmouth Bass 

The l a r g e  percentage  (36.7%) of bass  t h a t  are p r imar i ly  impacted by 

ang l ing  (> 231 mm) i n d i c a t e s  t h a t  t h e  popu la t ion  i s  not  being 

over-harvested.  Even dur ing  t h e  f a l l ,  when n e a r l y  a l l  of t h e  f i s h i n g  

h a s  occurred and t h e  popu la t ion  of small bass  had been increased  by t h e  

i n f l u x  of t r i b u t a r y  bass  and young-of-the-year, t h e  p o r t i o n  of t h e  

popu la t ion  l a r g e r  t han  230 mm w a s  s t i l l  22.2%. 

There w a s  a lower percentage  of bass  over  230 mm dur ing  summer 1981 

t h a n  summer 1980. These d a t a  f u r t h e r  suppor t  t h e  hypo thes i s  t h a t  t h e  

drought a f f e c t e d  t h e  l a r g e r  i n d i v i d u a l s  more than  t h e  smaller ones i n  

t h e  popula t ion .  The dec rease  i n  numbers of l a r g e r  bas s  w a s  a r e s u l t  of 

e i t h e r  h igh  m o r t a l i t y  o r  replacement of l a r g e r  i n d i v i d u a l s  by smaller 

b a s s  from t h e  t r i b u t a r i e s .  

In c o n t r a s t  t o  c o n d i t i o n s  i n  t h e  summer, t h e  l e n g t h  frequency 
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composition remained f a i r l y  cons t an t  through t h e  f a l l ,  w in te r  and s p r i n g  

t h e n  increased  i n  t h e  summer. The i n c r e a s e  from s p r i n g  t o  summer 1981 

i n  t h e  percentage of l a r g e r  bass (19.0% t o  28.4%) was most l i k e l y  due t o  

t h e  r e t u r n  of t h e  smaller bass  t o  t h e  t r i b u t a r y  streams. 

The i n f l u x  of smaller bass  i n t o  t h e  main r i v e r  w i th  t h e  a r r i v a l  of 

f a l l  w a s  a g a i n  i l l u s t r a t e d  by t h e  dramat ic  i n c r e a s e  i n  the number of 

bas s  i n  t h e  81-180 mm l e n g t h  range (Table 29) t h a t  occurred dur ing  t h e  

pe r iod  from f a l l  t o  sp r ing .  The d a t a  a l s o  i n d i c a t e  t h a t  i f  smallmouth 

b a s s  reach  ma tu r i ty  a t  ages  t h r e e  o r  fou r  as has  been r epor t ed  f o r  o t h e r  

waters (Car lander  1977) t h e n  up t o  36.6% of t h e  smallmouth bass 

popu la t ion  were capable  of spawning i n  1980. 

S i t e s  2 and 7 appeared t o  be t h e  only s i tes  i n  t h e  summer of 1980 

t h a t  could be impacted by ang l ing  p r e s s u r e  (Table  30).  S i t e  2 was 

l o c a t e d  nea r  a compground and r ece ived  r e l a t i v e l y  heavy f i s h i n g  

p r e s s u r e ,  s i t e  7 ,  however, r ece ived  very l i t t l e  p r e s s u r e  a l though i t  i s  

e a s i l y  a c c e s s i b l e  by v e h i c l e .  S i t e  7 probably i s  impacted because of 

t h e  low p r o d u c t i v i t y  t h a t  e x i s t s  a t  t h a t  s i te .  

The s i t e  s p e c i f i c  l e n g t h  frequency d a t a  from t h e  summer of 1981 

reveals t h a t  s i tes  1, 2,  4,  and 7 had h ighe r  percentage  of occurrence of 

b a s s  over 230 mm i n  1981 t h a n  1980. I n  o t h e r  s i tes  i n  1981 t h e r e  was a 

r e d u c t i o n  from 1980 i n  t h e  percentage  of l a r g e  bass.  This  change may be 

due t o  t h e s e  s i tes  l o s i n g  a l a r g e r  percentage  of t h e i r  popula t ions  t o  

t h e  s i z e - s p e c i f i c  drought-induced m o r t a l i t y .  

A l l  s i tes  had a n  i n c r e a s e  i n  t h e  percentage  of smaller bass  i n  t h e  

f a l l  bu t  sites 7 ,  8 ,  and 11 had t h e  most d rama t i c  i n c r e a s e s  (Table 30). 

T h i s  i n c r e a s e  sugges ted  a downstream migra t ion  which d i d  no t  r e v e r s e  

i t s e l f  u n t i l  summer. 



136 

Ozark Bass 

Length frequency a n a l y s i s  f a i l e d  t o  show any i n d i c a t i o n  of over- 

h a r v e s t  i n  t h e  Ozark bass  popula t ion .  Half of a l l  Ozark bass  captured 

were a t  least 170 mm i n  t o t a l  l e n g t h ,  t h e  s i z e  where they begin  t o  e n t e r  

t h e  creel. There i s  no ev idence  t h a t  c u r r e n t  ang l ing  p r e s s u r e  i s  

a f f e c t i n g  t h e  f i s h e r y .  In  f a c t ,  t h e  f i s h e r y  has  some c h a r a c t e r i s t i c s  of 

a n  unexplo i ted  f i s h e r y .  

I f  t h e  Ozark bass  matures a t  age I11 as does - A. r u p e s t r i s  

(Car l ande r  1977), t h e n  84% of t h e  popu la t ion  sampled w a s  capable of 

spawning. 

Although t h e  numbers of Ozark bass  over  170 mm d i d  not  appear t o  

f l u c t u a t e  wi th  each season ,  t h e r e  w a s  v a r i a b i l i t y  i n  numbers captured i n  

t h e  smaller l e n g t h  classes p a r t i c u l a r l y  i n  t h e  s i z e  class, 81-110 mm. 

The i n c r e a s e  i n  t h e  percentage  of Ozark bass  less t h a n  170 mm a l s o  

r e f l e c t s  t h e  movement of Ozark bass  ou t  of t h e  t r i b u t a r i e s .  The 

i n c r e a s e  i n  t h e  percentage  of l a r g e r  Ozark bass  i n  s p r i n g  would i n d i c a t e  

t h e  r e t u r n  of t h e s e  younger Ozark bass  t o  t h e i r  home t r i b u t a r i e s .  

A s  w i t h  smallmouth bass ,  t h e r e  w a s  r e d u c t i o n  i n  t h e  numbers of 

Ozark bass i n  t h e  summer of 1981 as compared w i t h  t h a t  i n  t h e  summer of 

1980. The change does not  appear t o  be a n g l e r - r e l a t e d  s i n c e  t h e  

r e d u c t i o n  i n  numbers occurs  no t  j u s t  i n  t h e  l a r g e r  l e n g t h  classes but i s  

common t o  a l l  l e n g t h  classes. 

No popula t ions  showed s i g n s  of overharves t  of Ozark bass  (Table 31) 

du r ing  summer 1980. During t h e  summer of 1981, f o u r  s i tes  a c t u a l l y  

showed i n c r e a s e s  i n  t h e  percentage  of t h e i r  popu la t ions  wi th  t o t a l  

l e n g t h s  g r e a t e r  t h a n  170 mm; f i v e  o t h e r s  had decreases .  These changes 

were drought - re la ted  and not due t o  angl ing  p r e s s u r e  s i n c e  a l l  s i z e  
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classes not j u s t  t hose  over  170 mm were a f f e c t e d .  

The l e n g t h  frequency composition changed more d r a m a t i c a l l y  between 

t h e  two summers f o r  Ozark bass  t h a n  f o r  smallmouth bass.  Even though 

t h e r e  w a s  an  apparent  f a l l  movement which caused changes i n  t h e  s i z e  

s t r u c t u r e ,  t h e  mig ra t ion  appeared t o  cont inue  i n t o  t h e  w i n t e r  and w a s  

n o t  r eve r sed  u n t i l  t h e  sp r ing .  

Mort a1 i t y 

Smallmouth Bass 

The annual m o r t a l i t y  rate ( 4 2 % )  c a l c u l a t e d  dur ing  t h i s  s tudy  was 

h i g h e r  t h a n  t h e  one c a l c u l a t e d  ( 3 6 % )  by Kilambi e t  a l .  (1977). However, 

t h e  m o r t a l i t y  I c a l c u l a t e d  w a s  s t i l l  lower than  t h e  annual  m o r t a l i t y  

rates repor ted  by Coble (1975) f o r  o t h e r  waters (Table  4 8 ) .  The 

i n c r e a s e d  m o r t a l i t y  could  r e f l e c t  e i t h e r  some i n c r e a s e  i n  f i s h i n g  

p r e s s u r e  over  t h e  f i v e  y e a r s  s i n c e  t h e  o r i g i n a l  Buf fa lo  R ive r  s tudy  o r  

h i g h e r  poss ib ly  drought - re la ted  n a t u r a l  m o r t a l i t y .  However, t h e  

m o r t a l i t y  l e v e l  found was g e n e r a l l y  lower than  t h a t  found f o r  o t h e r  

streams and i n d i c a t e s  t h a t  t h e  r i v e r  i s  not  r e c e i v i n g  t h e  heavy p res su re  

t h a t  o t h e r  streams are. It appea r s ,  however, that  sites 4 and 7 have a 

m o r t a l i t y  ra te  nea r ly  double t h a t  of o t h e r  sites. Although i t  i s  

p o s s i b l e  t h a t  t h e  h i g h e r  m o r t a l i t y  a t  s i t e  7 i s  due t o  f i s h i n g  p r e s s u r e  

on  a very low d e n s i t y  s i t e ,  i t  i s  doub t fu l  t h a t  t h e  h i g h e r  m o r t a l i t y  a t  

s i t e  4 i s  caused by f i s h i n g  p r e s s u r e  s i n c e  t h i s  s i t e  r e c e i v e s  very 

l i t t l e  p res su re .  
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Table  48. Annual m o r t a l i t y  rates f o r  smallmouth bass  from v a r i o u s  
waters. 

Annual 
Lo C a l i  t y  m o r t a l i t y  rate ( W )  Source 

Buf fa lo  R ive r ,  AR 4 2  Present  s tudy ,  1981 

Oneida Lake, NY 43 Forney 1972 

South Bay, Lake Huron 51 Fry 1964 

Red Cedar River ,  W I  55 Paragamian 1973 

Potomac R ive r ,  MD 57 Sanderson 1958 

Baie du Dore, Lake Huron 57 White 1970 

P love r  River ,  W I  65 Paragamian 1973 

Lake Opeongo, On ta r io  53 C h r i s t i e  1957 

L iv ings ton  Branch, W I  55 Brynildson and Troug 1965 

L i t t l e  M i a m i  R ive r ,  OH 57 Brown 1960 

C o u r t o i s  Creek, MO 65 Fa jen  1972 

Huzzah Creek, MO 66 Fa jen  1972 

Source: Coble (1975) 
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Ozark Bass 

M o r t a l i t y  r a t e s  f o r  Ozark bass  a t  Buf fa lo  River  were similar t o  

t h o s e  r epor t ed  by Car lander  (1977) f o r  - A. r u p e s t r i s  i n  Ohio streams (55  

t o  72%) and f o r  Nebish Lake, Wisconsin (66  t o  79%). S ince  Nebish Lake 

w a s  no t  f i s h e d ,  rock  bass and probably Ozark bass  have a n a t u r a l l y  h igh  

m o r t a l i t y  rate. The rates f o r  t h e  Buf fa lo  R ive r  would not  seem t o  

i n d i c a t e  t h a t  t h e  stream was r ece iv ing  h igh  f i s h i n g  p r e s s u r e  but  would 

suppor t  o t h e r  d a t a  t o  the con t r a ry .  

Conclusions 

Density and s t and ing  crop of smallmouth bass  and Ozark bass  i n  

Buf fa lo  R ive r  were comparable t o  those  i n  r i v e r s  and streams i n  Missour i  

and Oklahoma but were lower than  those  i n  Iowa and Wisconsin. The 

Buf fa lo  R ive r ,  l o c a t e d  on t h e  sou the rn  edge of t h e  smallmouth bass  range 

appears  t o  be less than  optimum smallmouth bass  h a b i t a t .  

The smallmouth bass/Ozark bass  popu la t ions  i n  t h e  Buf fa lo  River  

appeared t o  be r e g u l a t e d  by a space-food mechanism dur ing  c y c l i c  pe r iods  

of drought.  During non-drought years n e i t h e r  h a b i t a t  o r  food appeared 

t o  be l i m i t i n g .  During low flow pe r iods ,  a q u a t i c  i n s e c t  and fo rage  f i s h  

popu la t ions  were reduced as were t h e  popu la t ions  of t h e s e  two bass  

spec ie s .  Cause and e f f e c t  r e l a t i o n s h i p  could no t  be proven but t h e  

i m p l i c a t i o n  of cause and e f f e c t  needs i n v e s t i g a t i o n .  

Summer p a r t i t i o n i n g  of h a b i t a t  between t h e  two s p e c i e s  appeared t o  

occur along t h e  v e l o c i t y  a x i s  s i n c e  Ozark bass  occupied areas of less 

c u r r e n t  t han  smallmouth bass. S u b t l e  p a r t i t i o n i n g  a l s o  occurred along 

t h e  s u b s t r a t e  a x i s ;  a l though both  s p e c i e s  u t i l i z e d  boulder and bedrock 

a r e a s ,  smallmouth bass  u t i l i z e d  areas w i t h  cobble  and cobble-boulder as 



t h e i r  secondary s u b s t r a t e  whereas Ozark bass  u t i l i z e d  areas wi th  

aqua t i  c veg e t a t  ion. 

Food w a s  a l s o  p a r t i t i o n e d  w i t h i n  s p e c i e s  and ove r l aps  dec l ined  as 

b o t h  species inc reased  i n  s i z e .  The s h i f t  of bo th  s p e c i e s  from i n s e c t s  

t o  c r a y f i s h  and minnows as they inc reased  i n  s i z e  served  t o  reduce 

i n t r a s p e c i f i c  competit ion.  I n t e r s p e c i f i c  compet i t ion  w a s  a l s o  reduced 

because a d u l t  smallmouth bass  u t i l i z e d  f i s h  heav i ly  whereas Ozark bass 

u t i l i z e d  c r a y f i s h  and i n s e c t s  more h e a v i l y  than  minnows. 

E x i s t i n g  l e v e l s  of canoe a c t i v i t y  appeared not  t o  s e r i o u s l y  impact 

t h e  f i s h e r y .  Few c o r r e l a t i o n s  between d e n s i t y  and s t and ing  crop of 

e i t h e r  s p e c i e s  and canoe use  were found. I n  s p r i n g ,  i n c r e s e d  canoe 

l e v e l s  were c o r r e l a t e d  w i t h  inc reased  s t and ing  crop of smallmouth bass 

and could be i n t e r p r e t e d  as an  i n d i c a t i o n  t h a t  i nc reased  canoe t r a f f i c  

w a s  h inde r ing  a n g l e r  h a r v e s t .  A n e g a t i v e  c o r r e l a t i o n  between cond i t ion  

f a c t o r s  of Ozark bass and s p r i n g  canoe l e v e l s  could i n d i c a t e  t h a t  some 

d i s t u r b a n c e  of Ozark bass  was occurr ing .  The p o s i t i v e  c o r r e l a t i o n  

between smallmouth bass  K and canoe use l e v e l s  dur ing  pe r iods  of low 

f low could a l s o  be i n t e r p r e t e d  t o  i n d i c a t e  t h a t  h a r v e s t  was having 

p o s i t i v e  e f f e c t s  on t h e  popula t ion .  

Overharvest  does no t  appear t o  be a problem as evidenced by t h e  low 

m o r t a l i t y  ra te  of smallmouth bass ,  t h e  h ighe r  t han  average ca t ch  rate 

f o r  smallmouth bass  and the smaller p r o p o r t i o n  of younger bass  i n  t h e  

creel  compared t o  t h a t  i n  o t h e r  waters .  

Recommendations 

1. S ince  t h e  p r e d a t o r  popu la t ions  appear t o  be r egu la t ed  by a 

space-food i n t e r a c t i o n ,  s t o c k i n g  of a d d i t i o n a l  p r e d a t o r s  should be 
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avoided e s p e c i a l l y  dur ing  pe r iods  of drought o r  stress. 

2. Data on popula t ion  s t r u c t u r e  and f i s h i n g  p r e s s u r e  do not 

i n d i c a t e  any j u s t i f i c a t i o n  f o r  s t o c k i n g  of a d d i t i o n a l  smallmouth bass.  

3 .  The i n d i c a t i o n  of a food l i m i t e d  system dur ing  l o w  f lows  should 

c a u t i o n  a g a i n s t  land use  o r  management a c t i v i t i e s  t h a t  r e s u l t  i n  

i nc reased  s i l t a t i o n  of t h e  stream o r  cause a r e d u c t i o n  i n  t h e  a q u a t i c  

i n s e c t  o r  minnow popula t ions .  
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F igure  7, Mean f lows  (m3/s) f o r  t h e  Buf fa lo  
River, Arkansas f o r  t h e  pe r iod  1972-1981. 
Flows were measured a t  t h e  highway 65 br idge .  
(Source: U,S, Geologica l  Survey) 
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Table 49. Percent  occurrence of each s u b s t r a t e  type a t  each of 12 sample sites on 
t h e  Buf fa lo  River ,  Arkansas. 

S i t e  
number S i l t  Sand Pebble  Gravel  Cobble Boulder Bedrock D e t r i t u s  Vegeta t ion  

1 21.5 

2 1.4 

3 29.1 

4 18.2 

5 15.8 

6 13.2 

7 55.3 

8 21.1 

9 13.5 

10 7.3 

11 17.2 

12 3.7 

23.6 

5.1 

1.6 

3.0 

19.8 

11.6 

34.2 

12.5 

1.9 

3.1 

15.1 

35.6 

0.7 

14.8 

17.0 

25.7 

25.1 

45.7 

11.8 

31.9 

36.9 

17.6 

39.3 

35.8 

46.7 42.3 4.7 

52.7 12.9 20.8 

70.0 32.8 8.9 

58.0 11.8 8.4 

75.2 30.6 6.8 

60.4 12.9 11.3 

37.0 7.5 0.3 

64.2 10.6 9.7 

61.9 11.1 5.8 

42.8 8.1 4.8 

57.6 10.9 15.6 

69.9 27.2 1.6 

8.0 

7.5 

6.7 

28.2 

1.7 

18.8 

31.7 

10.2 

30.4 

48.4 

10.8 

3.1 

3.4 

1.7 

9.4 

0.0 

4.9 

0.4 

0.0 

0.0 

0.0 

1.5 

1.2 

2.5 

2.7 

0.0 

0.2 

0.3 

2.0 

15.1 

0.0 

8.7 

7.5 

5.0 

8.7 

8.7 
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Table 50. Propor t ion  of each v e l o c i t y  
i n t e r v a l  p re sen t  a t  each of 12 sample 
s i tes  on the Buffa lo  River ,  Arkansas. 

Veloc i ty  (cuds)  
S i t e  0 1-10 11-20 2 1+ 

1 

2 

3 

4 

5 

6 

7 

El 

9 

10  

11 

12 

23.3 

79.3 

95.7 

85.5 

56.5 

62.1 

40.8 

65.0 

23.7 

31.5 

62.8 

45.7 

36.7 

17.7 

2.9 

12.5 

27.8 

31.1 

46.0 

16.2 

39.5 

21.0 

12.4 

23.8 

24.8 

2.5 

1.4 

1.5 

4.7 

1.0 

9.4 

13.6 

14.2 

27.0 

13.8 

21.1 

15.3 

0.5 

0.0 

0.4 

12.6 

5.8 

3.4 

5.4 

22.3 

10.7 

6.4 

9.5 



155 

Table 51. P ropor t ion  of each depth i n t e r v a l  p r e s e n t  a t  each of 12 
sample s i tes  on t h e  B u f f a l o  R ive r ,  Arkansas. 

Depth (m) 
S i t e  - < 0.25 0.26-0.75 0.76-1.25 1.26-1.75 1.76+ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

12 

15.1 

45.5 

13.1 

12.6 

31.1 

26.8 

6.1 

15.0 

28.2 

16.0 

13.9 

35.3 

38.9 

31.5 

41.5 

36.8 

29.7 

35.4 

27.6 

37.3 

31.9 

58.0 

43.0 

39.8 

22.1 

11.3 

24.7 

33.8 

24.6 

14.3 

32.3 

20.3 

36.8 

20.0 

29.1 

18.8 

17.1 

10.9 

10.6 

9.5 

14.0 

17.5 

21.0 

22.2 

3.1 

6.0 

7.6 

6.2 

6.8 

0.7 

10.1 

7.3 

0.6 

5.9 

12.9 

5.2 

0.0 

0.0 

6.3 

0.0 
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Table  52. Dates t h a t  each of 12 s i tes  on t h e  Buf fa lo  River ,  Arkansas were sampled by e lec t roshocking .  

Site 
Season 1 2 3 4 5 6 7 8 9 10 11 12 

Summer 
1980 06-30 07-17 07-03 07-18 - 08-04 07-01 07-07 07-24 07-14 - 07-02 

Sum= r 
1980 07-03 08-08 08-01 08-07 08-05 09-05 07-21 07-25 - 07-28 07-29 07-22 

Summe r 
1980 09-09 09-16 09-15 09-08 09-29 09-30 - 09-18 09-19 09-12 09-11 - 

F a l l  
1980 10-24 11-28 11-07 11-22 10-31 11-14 11-06 11-26 - - 10-30 - 

Winter  
1980 12-19 12-31 12-23 12-30 12-18 01-07 12-22 12-29 01-05 12-12 12-11 12-05 

Spr ing  
1981 03-17 03-31 04-10 03-26 04-02 03-09 04-06 03-12 03-19 04-16 03-11 03-07 

Summer 
1981 06-05 06-12 06-08 07-01 06-23 06-15 06-24 06-22 07-02 06-29 07-17 06-25 

S umme r 
1981 07-07 07-08 07-21 07-21 07-14 07-09 07-31 07-29 07-23 08-13 07-27 08-07 

Summer 
1981 07-28 07-30 08-06 08-10 08-12 09-02 08-11 09-03 08-27 08-26 08-14 - 



APPENDIX D 

MEAN WEIGHTS FOR SMALLMOUTH BASS 

AND OZARK BASS 

158 



159 

Table  53. Cumulative seasona l  mean weights  of 
smallmouth bass  and Ozark bass.  Numbers i n  
p a r e n t h e s i s  r ep resen t  t h e  95% confidence i n t e r v a l s  
f o r  t h e  mean. 

Mean weight  ( g )  
Season Smallnou t h  bass  Ozark bass  

Summer 1980 183.0 N=709 (106.8 N=1.092 
(166.1-199.9) (102.5-111.1) 

F a l l  

Winter 

103.9 N=542 102.0 N=287 
(90.8-1 17 .O) (93.2-110.8) 

124.1 N=440 74.8 N=340 
(101.2-147.0) (66.8-82.8) 

Spr ing  115.7 N=373 98.5 N=300 
(92.5-138.8) (88.7-108.3) 

Summer 1981 140.4 N=275 90.3 N=791 
(114.5-166.3) ( 84.8 -95.8 ) 



Table 54. 
Arkansas. Numbers enc losed  i n  parentheses  r e p r e s e n t s  95% confidence i n t e r v a l s  f o r  t h e  
mean. 

Seasonal mean weights  of smallmouth bass  from 12 s i tes  on Buffa lo  River ,  

Mean weight (g ) ,  smallmouth bass  
S i t e  Summer 1980 F a l l  1980 Winter 1980 Spring 1981 Summer 1981 

173.6 N=72 
( 120.8-226.4) 

161.3 N=92 
(104.5-218.1) 

222.1 N=44 
(158.3-285.9) 

159.6 N=65 
(105.6-213.6) 

180.7 N=30 
(117.5-243.9) 

194.5 N=96 
(146.9-242.1) 

140.3 N=20 
( 44.0-2 36.6 ) 

186.2 N=57 
(118.3-254.1) 

141.1 N=24 
(7  9.4-202.8) 

69.5 N = 3 1  
(42.5-96.5) 

79.1 N=32 
(37.0-121.2) 

125.0 N = 1 8  
(29.4-2 20.6) 

78.9 N=14 
(42.2-115.6) 

84.9 N=30 
( 38.5-1 31.3) 

57.8 N=94 
(41.4-74-4) 

48.4 N=53 
(20.5-76.3) 

82.5 N=28 
(1 1.5-153.5) 

17.4 N = 1 8  
(10.4-24.4) 

154.5 N=25 
(106.0-203.0) 

71.2 N=26 
(21.1-121.3) 

17.4 N=7 
( 7.9-2 6.9 ) 

114.7 N=90 
(84.1-145.3) 

40.0 N=73 
(0-84.9) 

168.4 N=23 
(0-365.2) 

80.1 N = 1 5  
(37.0-137.2) 

298.1 N=9 
(38.0-558.2) 

281.5 N=25 
(0-615.0) 

296.8 N = 1 8  
(133.7-459.9) 

172.7 N=3  
(0-809.1) 

29.7 N = 3 1  
(18.7-40.7) 

57.5 N=45 
(0-121.1) 

66.2 N=28 
(10.8-12 1.6) 

248.6 N=29 
(158.6-338.6) 

138.8 N=58 
(98.7-178.9) 

42.5 N = 8  
(0-91.2) 

381.4 N=22 
(159.3-603'.5) 

112.5 N=8  
(16.0-209.0) 

75.4 N = 1 3  
(10.8-140.0) 

82.2 N=35 
(44.0-120.4) 

94.8 N = 1 8  
(46.7-142.9) 



Table 54. Continued. 

Mean weight (g)  smallmouth bass  
S i t e  Summer 1980 F a l l  1980 Winter 1980 Srping 1981 Summer 1981 

9 238.7 N=88 
(186.9-290.5) 

10 221.3 N = 6 0  
(139.9-285.7) 

11 124.1 N=78 
(94.5-153.7) 

1 2  111.4 N=7 
(42.6-179.2) 

201.4 N=129 
(162.2-204.6) 

71.6 N=117 
(52.4-90.8) 

256.3 N=87 
(177.3-335.3) 

286.0 N = 1 8  
(91.2-480.8) 

22.5 N=38 
(9.7-45.3) 

105.3 N=7 
(20.7-191.9) 

197.4 N=105 
(142.5-252.3) 

42.3 N=14 
(0-84.6) 

50.1 N=97 
(20.6-79.6) 

78.0 N = l  
- 

231.0 N=10 
(55.9-406.1) 

36.2 N=17 
(18.6-53.8) 

86.2 N=53 
(44.2-128.2) 

165.5 N=4 
(138.1-192.9) 



... 

Table  55. Seasonal mean weights  f o r  Ozark bass  from 12 s i tes  on Buf fa lo  R ive r ,  Arkansas. 
Numbers i n  pa ren theses  r e p r e s e n t  t h e  95% confidence i n t e r v a l s  f o r  t h e  mean. 

Mean weight (g)  Ozark bass  
S i t e  Summer 1980 F a l l  1980 Winter 1980 Srp ing  1981 Summer 1981 

127.2 N=14 
(96.7-157.7) 

102.4 N=69 
(84.3-120.5) 

98.6 N=43 
( 7 1.1-1 22.5) 

112.1 N=59 
( 93.5-1 30.7 ) 

127.2 N=142 
(114.1-140.3) 

110.9 N=289 
(102.1-1 19.7) 

116.4 N=30 
(90.3-142.5) 

83.4 N=141 
(74.4-92.4) 

117.3 N=4 
(49.8-184.8) 

53.0 N = 1 8  
(10.8-95.2) 

13.2 N=22 
(63.1-143.3) 

72.3 N=9 
(25.9-118.7) 

95.2 N = 1 8  
(61.7-1 28.7) 

109.7 N=68 
(90.8-128.6) 

115.6 N=45 
(98.5-132.7) 

76.2 N=41 
(52.5-99.8) 

130.0 N=20 
(95.9-164.1) 

22.6 N=25 
(11.2-34.0) 

55.0 N=14 
(10.3-99.7) 

40.2 N = 1 8  
(20.6-59.8) 

12.0 N = 3  
(0-25.3) 

80.4 N=106 
(63.6-97.2) 

38.4 N=27 
(18.9-57.9) 

30.8 N = 3 1  
( 17.7-43.9 ) 

128.2 N=42 
(107.2-148.2) 

106.2 N = 1 3  
( 10.8-95.2) 

137.7 N=6 
(16.3-259.1) 

204.0 N=2 
( 153.2-2 54.8) 

115.8 N=19 
(80.5-151.1) 

62.0 N=54 
(39.0-85.0) 

118.9 N=41 
(94.6-143.2) 

56.4 N = 3 1  
(34.6-78.2) 

116.9 N = 3 8  
(92.5-141.3) 

130.9 N=74 
(84.3-120.5) 

101.5 N = l l  
(50.5-152.5) 

96.5 N=19 
(62.9-130.1) 

95.4 N=72 
(75.5-115.3) 

88.4 N=136 
(71.7-105.1) 

90.0 N=77 
(74.4-105.3) 

92.4 N=100 
(77.3-107.5) 



Table  55. Continued. 

Mean weight (g) Ozark bass 
S i t e  Summer 1980 F a l l  1980 Winter 1980 Srping 1981 Summer 1981 

9 114.2 N=98 
(101.9-126.5) 

1 0  96.7 N=61 
(80.1-1 13.3) 

11 95.8 N=112 
(84.1-107.5) 

12 33.7 N=5 
(17.7-49.9) 

148.1 N=26 
(120.3-175.9) 

92.8 N=36 
(68.4-1 17.2) 

110.8 N=74 
(93.7-127.9) 

138.0 N = 8  
(86.9-189.1) 

66.8 N=12 
(33.8-99.8) 

64.0 N=2 
(0-165.6) 

104.1 N=28 82.0 N=91 
(7 1.5-136.7) (69.3-94.7) 

143.9 N = 3 1  97.7 N=41 
(111.6-176.2) (76.1-119.3) 

61.5 N=26 59.3 N=132 
(32.0-91.0) (49.3-69.3) 

58.3 N=7 - 
(0-1 84.6) - 
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Table  56. S u b s t r a t e  codes used t o  d e f i n e . s u b s t r a t e  a t  each of 
1 2  s i t e s  on t h e  Buffa lo  River ,  Arkansas. 

Code S u b s t r a t e  type  Code S u b s t r a t e  type  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11 

1 2  

13 

1 4  

1 5  

16  

1 7  

18 

19 

2 0  

2 1  

2 2  

S i l t  only 

S i l t  and sand 

S i l t  and pebble 

S i l t  and g r a v e l  

S i l t  and cobble 

S i l t  and boulder  

S i l t  and bedrock 

S i l t  and d e t r i t u s  

S i l t  and v e g e t a t i o n  

Sand only 

Sand and pebble 

Sand and g r a v e l  

Sand and cobble 

Sand and boulder  

Sand and bedrock 

Sand and d e t r i t u s  

Sand and v e g e t a t i o n  

Pebble only 

Pebble and g r a v e l  

Pebble and cobble 

Pebble and boulder  

Pebble and bedrock 

23 

24 

25 

26 

27 

28 

29 

30  

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

Pebble and d e t r i t u s  

Pebble and v e g e t a t i o n  

Gravel only 

Gravel and cobble 

Grave 1 and boul d e r  

Gravel and bedrock 

Gravel and d e t r i t u s  

Gravel and v e g e t a t i o n  

Cobble only 

Cobble and boulder  

Cobble and bedrock 

Cobble and d e t r i t u s  

Cobble and v e g e t a t i o n  

Boulder only 

Boulder and bedrock 

Boulder and d e t r i t u s  

Boulder and v e g e t a t i o n  

Bedrock only 

Bedrock and d e t r i t u s  

Bedrock and v e g e t a t i o n  

D e t r i t u s  only 

D e t r i t u s  and v e g e t a t i o n  



Table  57. Frequency of occurrence  and percentage  of t o t a l  cap tu res  of smallmouth bass  
over  s p e c i f i c  s u b s t r a t e  types.  

Summer 1980 F a l l  1980 Winter 1980 Spr ing  1981 Summer 1981 
S u b s t r a t e  N % N x N % N % N % 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13  

14 

5 

4 

8 

12 

24 

37 

4 

2 

2 

5 

5 

3 

1.8 5 

0.7 2 

0.5 0 

1.1 5 

1.6 4 

3.2 11 

4.9 33 

0.5 0 

0.3 1 

0.3 0 

0.7 0 

0.7 1 

0.4 1 

1.3 10 

0.5 0 

0.0 1 

1.3 0 

1.1 1 

3.0 10 

8.9 20 

0.0 0 

0.3 2 

0.0 0 

0.0 0 

0.3 5 

0.3 3 

5.4 1 

0.0 8 

0.5 0 

0.0 1 

0.5 1 

5.4 0 

10.8 1 

0.0 7 

1.1 1 

0.0 1 

0.0 0 

2.7 0 

1.6 0 

0.6 7 

4.9 3 

0.0 0 

0.6 2 

0.6 2 

0.0 0 

0.6 0 

4.3 0 

0.6 2 

0.6 1 

0.0 1 

0.0 2 

0.0 0 

4.1 

1.7 

0.0 

1.2 

1.2 

0.0 

0.0 

0.0 

1.2 

0.6 

0.6 

1.2 

0.0 



0 

0 

0 

3 

m 

m 

m 
0 
. 

3 

0 

0 
. 

0 

m 
0 

h 

U 
,-I 

LD 

0 

3 

\D 

0 
. 

4 

0 

0 

0 

m 
0 
. 

d 

* 
0 

m 

m 
4 

LD 

0 
. 

4 

0 

0 
. 

0 

0 

0 

0 

0 

0 
. 
0 

m 
0 

* 

LD 
4 

h 

d 
. 

m 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
. 

0 

b 
4 

0 

0 
. 

0 

0 

0 

0 

m 
0 
. 

d 

0 

0 
. 

0 

0 

0 
. 

0 

03 
4 

LD 

0 

3 

N 
e 

!--I 

N 

0 

0 
. 

0 

m 
3 

L n  

d 

d 
. 

03 

m 
4 

N . 
3 

N 

m 
m 
. 

m 

m 
0 

4 

m 
0 

3 

b 

4 

hl 
4 

0 
N 

N 

4 

N 

“0. 
d 

m 

0 

0 
. 

0 

m 
0 

4 

m . 
d 

0 
4 

4 
N 

\D 

0 

4 

hl 

3 

hl 

0 

0 

0 

0 

0 

0 

m 
0 

N 

N 
N 

0 

0 
. 

0 

0 

0 

0 

0 

0 
. 

0 

0 

0 
. 

0 

0 

0 
. 

0 

m 
hl 

0 

0 
. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

m . 
3 

N 

N 

03 

Ln 
. 

0 
3 

LD 

0 
. 

3 

m 
0 
. 

4 

m 
0 
. 

3 

b 

m 

03 
hl 

m 
N 

0 

h 

N 
3 

hl . 
d 

N 

co 
m 
. 

h 

m 
03 
. 

4 
m 

* 
03 

U 
LD 

LD 
hl 



Tab l e  5 7. Continued . 

Summer 1980 F a l l  1980 Winter  1980 Spring 1981 Summer 1981 
S u b s t r a t e  N % N % N % N % N % 

28 14 

29 0 

30 7 

31 23 

32 89  

3 3  16 

34  0 

35  3 

36 80 

37 84  

38 3 

39 11 

40 125 

1.8 

0.0 

0.9 

3.0 

11.7 

2.1 

0.0 

0.4 

10.5 

11.0 

0.4 

1.5 

15.4 

11 

0 

0 

1 

49 

15 

0 

0 

16 

66 

0 

2 

92 

3.0 

0.0 

0.0 

0.3 

13.2 

4.0 

0.0 

0.0 

4.3 

17.7 

0.0 

0.5 

24.7 

1 

0 

1 

8 

20 

6 

0 

1 

7 

32 

0 

0 

43 

0.5 

0.0 

0.5 

4.3 

10.8 

3.2 

0.0 

0.5 

3.8  

17.2 

0.0 

0.0 

23.1 

1 

0 

0 

0 

13 

5 

0 

0 

18 

44 

0 

0 

29 

0,6 

0.0 

0.0 

0.0 

7.9 

3.1 

0.0 

0.0 

11.0 

26.8 

0.0 

0.0 

17.7 

1 

0 

3 

10 

36 

3 

0 

0 

19 

16 

2 

0 

22 

0.6 

0.0 

1.7 

5.8 

20.9 

1.7 

0.0 

0.0 

11.1 

9.3 

1.2 

0.0 

12.8 
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Table 58. Frequency of occur rence  and percentage  
o f  t o t a l  c a p t u r e s  of Ozark bass  over s p e c i f i c  
s u b s t r a t e  t y p e s  dur ing  w i n t e r  1980 and summer 
1981. 

Winter 1980 
% of 

Summer 1981 
% of 

S u b s t r a t e  N T o t a l  N T o t a l  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13  

1 4  

15 

16 

17 

18 

19 

20 

6 

0 

0 

0 

0 

2 

7 

0 

3 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

1 

6.0 

0.0 

0.0 

0.0 

0.0 

2.0 

7.0 

0.0 

3.0 

0.0 

1.0 

1.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1 .o 

20 

1 

1 

1 

3 

7 

0 

0 

3 

1 

0 

6 

1 

2 

0 

2 

4 

9 

4 

0 

4.1 

0.2 

0.2 

0.2 

0.6 

1.4 

0.0 

0.0 

0.6 

0.2 

0.0 

1.2 

0.2 

0.4 

0.0 

0.4 

0.8 

1.9 

0.8 

0.0 
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Table 58. Continued. 

Winter 1980 Summer 1981 
% of % of 

S u b s t r a t e  N T o t a l  N To ta l  

21  0 0.0 6 1.2 

22 

23 

24 

25 

26 

27 

28 

28  

30  

31 

32 

33 

34 

35 

36 

37 

38 

39 

40  

41  

0 

0 

0 

1 

6 

3 

0 

0 

0 

7 

15 

0 

0 

1 

6 

14 

0 

0 

24 

1 

0.0 

0.0 

0.0 

1.0 

6.0 

3.0 

0.0 

0.0 

0.0 

7.0 

15.0 

0.0 

0.0 

1.0 

6.0 

14.0 

0.0 

0.0 

24.0 

1.0 

1 

0 

2 

12 

11 

9 

1 

0 

8 

15 

60 

3 

0 

3 

98 

93 

3 

25 

59 

0 

0.2 

0.0 

0.4 

2.5 

2.3 

1.9 

0.2 

0.0 

1.6 

3.1 

12.3 

0.6 

0.0 

0.6 

20.1 

19.1 

0.6 

5.1 

12.1 

0.0 
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Table  58. Continued. 

Winter 1980 Summer 1981 
% of % of 

S u b s t r a t e  N T o t a l  N Tot a1 

4 2  0 0.0 11 2.3 

43 0 0.0 0 0.0 

44  0 0.0 0 0.0 



APPENDIX F 

SEASONAL CONDITION COEFFICIENTS FOR 

SMALLMOUTH BASS AND OZAFX BASS 

173 



Table  59. Mean cond i t ion  c o e f f i c i e n t s  f o r  smallmouth bass  of Buffa lo  River ,  Arkansas, by 
season  and s i te .  Numbers i n  parenthe-ses are sample s i z e s ;  numbers i n  b racke t s  are t h e  95% 
confidence i n t e r v a l s  f o r  t h e  mean. 

S i t e  Summer 1980 F a l l  1980 Winter 1980 Spring 1981 Summer 1981 

1.59 (N=72) 
[1.25-1.931 

1.71 (N=24) 
[ 1.32-2.101 

1.02 (N=29) 
[0.96-1.081 

1.08 (N=15) 
[0.97-1.191 

1.24 (N=29) 
[1.18-1.301 

1.26 (N=29) 
[ 1.16-1.361 

1.14 (N=32) 
[1.06-1.221 

1.21 ( N = 1 8 )  
t1.04-1.381 

1.18 (N=9) 
[1.11-1.251 

1.20 (N=58) 
[1.10-1.301 

1.47 (N=44) 
[ 1.27-1.671 

1.28 (N=32) 
[0.97-1.591 

1.05 (N=25) 
[ 1.01-1.091 

1.09 (N=6) 
[0.91-1.27] 

1.04 (N=6) 
[O. 57-1.5 13 

1.52 (N=65) 
[ 1.34-1.701 

1.18 (N=18) 
[1.10-1.261 

1.14 (N=26) 
[1,08-1.20] 

1.16 (N=18) 
[ 1.05-1.271 

1.26 (N=22) 
[1.18-1.341 

1.29 (N=30) 
[ 1.19-1.39 ] 

1.69 (N=14) 
[ 0.80-2.581 

0.85 (N=7) 
[0.65-1.05] 

1.03 (N=3) 
[O-2.061 

1.11 (N=8) 
[0.85-1.371 

1.54 (N=96) 
[1.42-1.661 

1.94 (N=30) 
[ 1.49-2.391 

1.17 (N=90) 
[1.13-1.211 

1.31 (N=31) 
[1.17-1.451 

1.12 (N=13) 
[0.95-1-29] 

1.84 (N=20) 
[1.51-2.171 

1.35 (N=94) 
[1.27-1.431 

1.07 (N=73) 
[1.01-1.131 

1.20 (N=45) 
[1.06-1.341 

1.95 (N=35) 
[1.58-2.321 

1.27 (N=57) 
[ 1.19-1.351 

1.03 (N=35) 
[0.97-1.091 

1.01 (N=23) 
[ 0.9 1-1.111 

1.09 (N=28) 
[1.03-1.151 

1.13 (N=18) 
[1.07-1.191 

9 1.25 (N=88) 1.20 (N=129) 1.17 (N=87) 1.20 (N=105) 1.19 (N=10) 
[ 1.19-1.3 11 [ 1.14-1.261 [1.13-1.211 [1.16-1.241 [1.05-1.333 
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Table  60. Mean c o n d i t i o n  c o e f f i c i e n t s  f o r  Ozark bass  i n  Buf fa lo  River ,  Arkansas, by s i t e  and 
season. Numbers i n  pa ren theses  are  sample s i z e s ;  numbers i n  b racke t s  are t h e  95% 
conf idence  i n t e r v a l s  f o r  t h e  mean. 

S i t e  Summer 1980 F a l l  1980 Winter 1980 Spring 1981 Summer 1981 

2.15 (N=43) 
[1.94-2.381 

2.23 (N=4) 
E2.01-2.451 

1.60 (N=20') 
[ 1.39-1 . a l l  

1.71 (N=42) 
[ 1.59-1.831 

2.58 (N=38) 
[1.32-3.843 

1.88 (N=69) 
11.62-2.141 

1.50 ( N = 1 8 )  
[1.29-1.711 

16.2 (N=25) 
i1.48-1.761 

2.21 ( N = 1 3 )  
[1.90-2.511 

1.96 (N=74) 
[1.90-2.021 

2.32 (N=43) 
[1.98-2.661 

1.56 (N=22) 
[1.35-1.77) 

1.56 (N=14) 
[ 1.34-1.781 

2.03 (N=6) 
[ 1.57-2.491 

1.89 (N=l l )  
[1.78-2.001 

1.92 (N=59) 
[1.82-2.021 

2.00 (N=9) 
[ 1.7 0-2.301 

1.66 ( N = 1 8 )  
[1.53-1.791 

2.06 (N=2) 
[0.41-3.711 

1.84 (N=19) 
[1.67-2.01] 

2.06 (N=142) 
[ 2.00-2.121 

2.32 ( N = 1 8 )  
[1.88-2.761 

1.54 ( N = 3 )  
[0.25-2.831 

1.99 (N=19) 
[1.68-2.201 

2.76 (N=72) 
[1.76-3.761 

2.24 (N=289) 
[ 2.0 8-2.401 

2.17 (N=68) 
[1.99-2.351 

1.84 (N=106) 
[ 1.76-1.921 

1.90 (N=54) 
[1.78-2.021 

1.98(N=136) 
[1.88-2.081 

3.20 (N=30) 
[ 2.46-2.941 

2.03 (N=45) 
[ 1 -8  7-2.19 ] 

1.58 (N=27) 
[1.44-1.721 

1.98 (N=41) 
[1.90-2.061 

1.87 (N=77) 
[1.77-1.971 

2.26 (N=141) 
[ 2.04-2.481 

1.69 (N=41) 
[1.63-1.751 

1.70 ( N = 3 1 )  
[1.60-1.801 

1.88 ( N = 3 1 )  
[1.82-1.941 

1.86(N=100) 
[1.78-1.941 

9 2.99 (N=98) 1.79 (N=26) 1.79 (N=74) 1.86 (N=28) 1.91 (N=91) 
[1.91-2.071 C1.63-1.951 [1.73-1.851 [ 1.78-1.941 [1.81-2.011 



Tab le  60. Continued. 

~ ~~~ 

S i t e  Summer 1980 F a l l  1980 Winter 1980 Spr ing  1981 Summer 1981 

2.05 ( N = 8 )  1.95 ( N = 3 1 )  1.70 (N=41) 
[1.82-2.141 - [1.53-2.571 [1.85-2.051 [1.64-1.761 

1 0  1.98 (N=61) - 

2.05 (N=112) 2.02 (N=36) 1.63 (N=12) 1.96 (N=26) 2.02(N=132) 
[ 1.89-2.211 [ 1.86-2.181 [1.52-1.741 [1.88-2.041 [1.39-2.651 

11 

12  4.95 ( N = 5 )  - 1.55 (N=2) 2.60 (N=7) - 
[3.26-6.641 - [ 1.30-1.801 [2.14-3.061 - 

, 
I- 

U 
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Table 61. T o t a l  l e n g t h  (mm) a t  age and annual growth increments of 
smallmouth bass i n  Buf fa lo  River ,  Arkansas. 
i n  parentheses .  

Sample s i z e s  are g iven  

Mean c a l c u l a t e d  t o t a l  l e n g t h  (mm) a t  each annulus 
I I1 I I1 IV V VI V I  I vi11 

1980 

1979 

1978 

1977 

1976 

1975 

1974 

1973 

19 72 

M e  an 
Length 

Mean 
Growth 
Increment 

97.2 
( 1 3 3 )  

107.7 
( 3 2 3 )  

113.8 
( 3 7 2 )  

126.2 
( 2 8 3 )  

121.4 
( 1 3 7 )  

123.1 
( 3 9 )  

125.7 
( 1 4 )  

136.9 
( 1 0 )  

( 3 )  
112.9 

114.7 
( 1 3 1 4 )  

154.2 
( 8 1  1 

160.9 
( 3 6 5 )  

181.0 
( 2 8 3 )  

151.5 
( 1 3 7 )  

178.5 
( 3 9 )  

178.6 
( 1 4 )  

191.2 
( 7 )  

165.1 
( 4 )  

166.3 
( 9 3 0 )  

206.1 
( 7 1  1 

223.1 
( 2 8 3 )  

221.9 
( 1 3 7 )  

231.5 
( 3 9 )  

237.6 
( 1 4 )  

226.2 
( 1 0 )  

( 4 )  

221.7 
(558  1 

224.0 

294.7 
( 2 6 )  

326.3 
( 3 8 )  

330.0 
( 1 4 )  

323.7 
( 1 0 )  

354.9 
( 4 )  

318.9 
( 9 2 )  

370.0 
( 8 )  

361.0 
( 1 4 )  

366.4 
( 1 0 )  

(3 )  

( 3 5 )  

390.0 

367.1 

424.4 
( 3 )  

( 1 0 )  ( 1 )  

( 4 )  ( 4 )  

406.3 406.7 

420.2 446.9 

412.8 438.9 
( 1 7 )  ( 5 )  

0 I I1 111 IV V VI v11 
114.7 51.6 55.4 46.2 51.0 48.2 45.7 26.1 
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Table 62. Tota l  l e n g t h  (mm) a t  age and annual  growth increments  
a t t a i n e d  by Ozark bass  i n  Buffa lo  River ,  Arkansas. Sample s i z e s  are 
g iven  i n  parentheses .  

Mean c a l c u l a t e d  t o t a l  l e n g t h  (mm) a t  each annulus  
I I1 I I1 IV V VI V I  I vi11 

1980 

1979 

1978 

1977 

1976 

1975 

1974 

1973 

1972 

Mean 
Length 

Me an 
Growth 
Increment 

52.2 91.1 
( 3 3 8 )  ( 2 6 4 )  

54.7 87.1 
( 1 6 7 )  ( 2 7 5 )  

54.9 93.7 
( 1 8 6 )  ( 4 2 1 )  

56.3 98.5 
( 7 )  ( 9 7 )  

95.9 
( 4 )  

95.7 
( 2 )  

53.3 93.2 

138.7 
( 1 1 1 )  

124.1 
( 4 1 3 )  

124.6 
(427 1 

122.3 
( 2 5 4 )  

124.4 
( 9 7 )  

( 4 )  

( 2 )  

116.6 

119.3 

125.1 

176.3 
( 1 5 1 )  

153.6 
( 4 2 5 )  

151.7 
( 2 5 4 )  

153.5 
( 9 7 )  

( 4  1 

( 2  1 

144.7 

150.8 

156.7 
( 9 4 0 )  ( 1 7 4 4 )  ( 1 3 0 8 )  ( 9 3 3 )  

196.0 
( 5 8 )  

179.0 
( 2 5 3 )  

184.4 
( 9 7 )  

( 4  1 

( 2 )  

177.8 

200.3 

182.7 
( 4 1 4 )  

218.8 
( 1 3 )  

209.6 231.0 
(95) ( 7 )  

208.2 224.8 
( 4 )  ( 4 )  

210.9 230.9 256.4 
( 1 1 4 )  ( 1 3 )  ( 2 )  

0 I I1 111 IV V VI VI I 
53.3 39.9 31.9 31.6 26.0 28.2 20.0 25.5 
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C o r r e l a t i o n s  Between Smallmouth Bass Densi ty  

and Hab i t a t  Var i ab le s  

Summer Negative C o r r e l a t i o n s :  

1) Area, A,  i n  h e c t a r e s ,  compris ing t h e  sample s i t e :  

1980 I n  N = 3.23 - 0.48 I n  A where N = smallmouth bass  d e n s i t y  

1981 I n  N = 1.85 - 0.82 I n  A 

2 )  Pe rcen t  of s i t e  w i t h  a dep th  between 0.76 m and 1.25 m ,  (Dm): 

1980 N = 246.78 - 68.33 I n  D,' 

1981 N = 128.13 - 37.20 I n  D, 

3 )  Percent  of s i t e  w i t h  s i l t  s u b s t r a t e ,  ( S s ) :  

1980 N = 102.37 - 26.87 I n  Ss 

1981 N = 51.33 - 15.34 I n  Ss 

4 )  Percent  of s i t e  covered w i t h  a q u a t i c  v e g e t a t i o n ,  (V): 

1981 N = 8.72 - 2.20 I n  V 

Summer P o s i t i v e  C o r r e l a t i o n s :  

1 )  Grad ien t ,  ( G ) ,  of r i v e r  a t  sample s i t e  i n  meters /k i lometer :  

1980 N = 3.01 + 0.88 I n  G 

1981 N = 1.45 + 1.67 I n  G 

2 )  Maximum depth  of pool  i n  meters, (Dx): 

1980 

1981 

N = -33.80 + 28.73 D, 

In N = 0.45 + 1.08 DX 

3)  Pe rcen t  of s i t e  w i t h  a dep th  less t h a n  0.26 meters, (Ds): 

1980 N = -13.85 + 2.18 Ds 

1981 N = -12.21 + 1.12 Ds 
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4 )  Pe rcen t  of s i t e  wi th  boulder s u b s t r a t e ,  (Sb): 

1980 N = 3.92 +- 1.06 s b  

N = -4.80 + 2.03 s b  1981 

5 )  Pe rcen t  of s i te  w i t h  a cobble and bou lde r  s u b s t r a t e ,  (Scb): 

1980 I n  N = 0.10 + 0.97 I n  s,b 

F a l l  P o s i t i v e  Cor re l a t ion :  

Maximum dep th  of pool i n  meters, (Dx): 

I n  N = 1.40 + 0.87 D, 

Winter Negative C o r r e l a t i o n :  

Percent  of s i t e  wi th  a dep th  between 0.26 m and 0.75 m ( D t ) :  

I n  N = 6.21 - 0.07 Dt 

Spring P o s i t i v e  Cor re l a t ion :  

Maximum depth  of pool i n  meters, (D,): 

N = -9.67 +13.74 D, 
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C o r r e l a t i o n s  Between Ozark Bass Density 

and Habi ta t  Var iab les  

Summer Negative C o r r e l a t i o n s :  

1) Percent  of s i t e  w i t h  a depth,  Dm, of 0.76 m t o  1.25 m: 

1980 N = 268.97 - 74.06 In Dm where N = Densi ty  of Ozark Bass 

1981 N = 167.33 - 46.44 I n  Dm 

2 )  Percent  of s i t e  w i t h  a bedrock s u b s t r a t e ,  Sr: 

1980 I n  N = 3.91 - 0.04 S r  

Summer P o s i t i v e  C o r r e l a t i o n s :  

1 )  Percent  of s i t e  w i t h  a depth ,  Ds, less t h a n  0.26 m: 

1980 

1981 

N = -12.98 + 2.34 Ds 

N = -8.63 + 1.43 D, 

2 )  Percent  of s i t e  w i t h  boulder  s u b s t r a t e ,  sb: 

1980 N = 7.23 + 3.68 sb 

P a l l  Negative C o r r e l a t i o n s :  

1 )  Percent  of s i t e  w i t h  a c u r r e n t  v e l o c i t y ,  V 1 1 ,  of 11-20 c m / s  

N = 60.49 - 17.09 I n  V 1 1  

1 )  P e r c e n t  of s i t e  w i t h  a depth,  Dm, of 0.76 m t o  1.25 m: 

N = 108.26 - 3.01 Dm 

F a l l  P o s i t i v e  C o r r e l a t i o n :  

Percent  of s i t e  w i t h  a depth,  Ds ,  of less t h a n  0.26 m: 

N = 3.57 + 1.69 Ds 

Winter None 
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Spring Negative C o r r e l a t i o n s :  

1)  Area, A, of t h e  s i t e  i n  h e c t a r e s :  

N = 34.39 - 14.04 I n  A' 

2 )  P e r c e n t  of s i t e  w i t h  a depth,  D,, of 0.76 m t o  1.25 m: 

I n  N = 5.23 - 0.09 Dm 

Spring P o s i t i v e  C o r r e l a t i o n :  

Gradient ,  G ,  of s i t e  in m/km: 

N = -1.39 +24.17 G 
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C o r r e l a t i o n s  Between Standing Crop of Smallmouth 

Bass and Hab i t a t  V a r i a b l e s  

Summer Negative C o r r e l a t i o n s :  

1 )  Area, A, comprising t h e  sample s i te  i n  hectares: 

1980 I n  SC = 1.87 - 0.25 A where SC = s t and ing  crop of s m a l l -  
mouth bass  i n  kg/ha 

1981 SC = 2.16 - 1.62 I n  A 

2 )  Percent  of s i te  wi th  s i l t  s u b s t r a t e ,  ( S s ) :  

1980 SC = 16.31 - 4.11 I n  Ss 

3 )  Pe rcen t  of s i t e  wi th  a depth  between 0.76 m and 1.25 m (D,) 

1980 SC = 39.10 - 10.68 I n  D, 

Summer P o s i t i v e  C o r r e l a t i o n s :  

4 )  Grad ien t ,  (G), of r i v e r  a t  sample s i t e  i n  m/km 

1981 I n  SC = -2.41 + 1.45 G 

5 )  Maximum dep th  of pool  i n  meters, (D,) 

1981 SC = 8.26 + 0.50 D, 

6 )  Pe rcen t  of s i t e  w i t h  bedrock s u b s t r a t e ,  S r  

1980 SC = 0.41 + 0.65 S r  

7 )  Percent  of s i t e  wi th  a depth  less t h a n  0.26 m ,  Ds 

1980 SC = -1.81 + 0.35 Ds 

F a l l  P o s i t i v e  C o r r e l a t i o n s :  

1) Grad ien t ,  ( G ) ,  of r i v e r  a t  sample s i t e  i n  m/km 

SC = 1.59 + 3.80 G 

Maximum depth  of pool  i n  meters, D, 2 )  

I n  SC = -0.94 + 0.78 Dx 
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Winter P o s i t i v e  C o r r e l a t i o n :  

Percent  of s i t e  wi th  a v e l o c i t y ,  V20, g r e a t e r  t han  20 cm/sec 

SC = 1.32 + 0.48 V20 

Spring Negative C o r r e l a t i o n :  

Percent  of pool  w i t h  s i l t  and sand s u b s t r a t e ,  S 

SC = 16.87 - 4.23 I n  S 
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C o r r e l a t i o n s  Between Standing Crop of Ozark Bass 

and H a b i t a t  Var iab les  

Summer Negative C o r r e l a t i o n s :  

1 )  Percent  of s i t e  w i t h  a depth  between 0.76 m and 1.25 m,  D, 

1980 SC = 26.70 - 7.26 In Dm where SC = Ozark b a s s  s t a n d i n g  
crop  i n  kg/ha 

1981 SC = 21.60 - 6.15 I n  Dm 

2 )  P e r c e n t  of s i t e  wi th  a depth  g r e a t e r  t h a n  1.76 m y  Dd 

1981 sc = 6.80 - 2.59 I n  Dd 

3 )  Percent  of s i t e  w i t h  a v e l o c i t y  between 11 cm/sec and 20 cm/sec, V i 1  

1980 I n  SC = 4.99 - 0.07 V i 1  

Summer P o s i t i v e  C o r r e l a t i o n s :  

4 )  Percent  of s i t e  wi th  a depth  less t h a n  0.26 m, Ds 

1980 

1981 

SC = 1.18 + 0.24 Ds 

SC = 1.67 + 0.19 Ds 

5 )  Maximum depth  of pool  i n  meters, D, 

1981 SC = -3.63 + 2.57 D, 

F a l l  None 

Winter None 

Spring Negative C o r r e l a t i o n s  

1 )  Area (A) comprising t h e  s i t e  i n  h e c t a r e s  

I n  SC = 3.87 - 0.32 A 



Spr ing  P o s i t i v e  Cor re l a t ions :  

Gradien t ,  G ,  a t  s i t e  i n  m/km 

SC = -0.63 + 2.72 G 

Percent  of s i t e  w i t h  a cobble  and boulder  s u b s t r a t e ,  SCb 

sc = -1.01 + 0.17 s c b  

Percent  of s i te  w i t h  a cobble  s u b s t r a t e ,  S, 

SC = 0.28 + 0.16 S, 
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C o r r e l a t i o n s  Between K Fac to r s  of Smallmouth Bass 

and Habit  a t  Var i ab le s  

Summr Negative Cor re l a t ions :  

1 )  Percent  of s i t e  with a depth  less than  0.26 m y  Ds 

1980 K = 2.06 + 0.20 I n  D, where K = c o e f f i c i e n t  of cond i t ion  

2 )  Percent  of s i t e  with boulder  s u b s t r a t e ,  Sb 

1980 K = 1.67 - 0.11 s b  

1981 K = 1.53 - 0.17 s b  

3 )  Percent  of s i t e  with g r a v e l  and cobble  s u b s t r a t e ,  S, 

1981 K =; 2.13 - 0.01 S, 

4 )  Percent  of s i t e  wi th  g r a v e l  s u b s t r a t e ,  Sg 

1981 K = 4.30 - 0.76 I n  Sg 

5 )  Percent  of s i t e  wi th  a q u a t i c  v e g e t a t i o n ,  V 

1981 K = 1.22 - 0.04 V 

Summer P o s i t i v e  Cor re l a t ions :  

6 )  Mean Depth, Dm, of s i t e  i n  meters 

1980 K = 1.10 + 0.52 D, 

1981 K = 0.65 + 0.78 D, 

7 )  Pe rcen t  of s i t e  w i t h  s i l t  s u b s t r a t e ,  Ss 

1981 K = 1.01 + 0.01 Ss 

8)  Pe rcen t  of s i t e  wi th  sand s u b s t r a t e ,  Sa 

1980 K = 1.35 + 0.01 Sa 

9 )  Pe rcen t  of s i t e  wi th  s i l t  and sand s u b s t r a t e ,  S 

1980 I n  K = 0.25 + 0.01 S 

1981 K = 0.93 + 0.01 S 
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10)  Percent  of s i t e  wi th  a v e l o c i t y  of 1-10 c m / s ,  V i  

1981 I n  K = 0.01 + 0.01 V i  

11)  Percent  of s i t e  w i th  a depth g r e a t e r  t han  1.75 m y  Dd 

1980 K = 1.37 + 0.03 Dd 

F a l l  No C o r r e l a t i o n s  

Winter Negative Cor re l a t ions :  

1) Percent  of s i t e  wi th  g rave l  and cobble  s u b s t r a t e ,  S, 

I n  K = 0.65 - 0.01 S, 

2 )  Percent  of s i t e  wi th  s i l t  and sand s u b s t r a t e ,  S 

K = 1.85 - 0.22 I n  S 

Winter P o s i t i v e  Cor re l a t ions :  

3 )  Percen t  of s i t e  wi th  a depth  of 0.26 t o  0.75 m y  D t  

K = 0.40 + 0.02 D t  

4 )  Percent  of s i t e  wi th  bedrock s u b s t r a t e ,  S, 

K = 0.91 + 0.01 S r  

5 )  Percent  of s i t e  w i t h  boulder  and bedrock s u b s t r a t e ,  Se 

I n  K = -0.17 + 0.01 Se 

Spring P o s i t i v e  C o r r e l a t i o n :  

Percent  of s i t e  w i th  pebble s u b s t r a t e ,  Sp 

K = 1.06 + 0.004 Sp 
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C o r r e l a t i o n s  Between K Fac to r s  of Ozark Bass 

and Hab i t a t  Var i ab le s  

Summer Negative Cor re l a t ions :  

1) Pe rcen t  of s i t e  wi th  boulder  s u b s t r a t e ,  s b  

1980 K = 3.27 - 0.49 I n  Sb where K = c o e f f i c i e n t  of cond i t ion  

2 )  Percent  of s i t e  wi th  bedrock s u b s t r a t e ,  Sr 

1981 K = 2.71 - 0.26 I n  Sr 

3 )  Percen t  of s i t e  wi th  boulder  and bedrock s u b s t r a t e ,  Se 

1981 K = 3.70 - 0.53 Se 

Summer P o s i t i v e  Cor re l a t ions :  

4 )  Percen t  of s i t e  wi th  sand s u b s t r a t e ,  Sa 

1980 I n  K = 0.60 + 0.02 Sa 

5 )  Pe rcen t  of s i t e  wi th  s i l t  and sand s u b s t r a t e ,  S 

1980 I n  K = 0.53 + 0.01 S 

6 )  Percent  of s i t e  wi th  cobble s u b s t r a t e ,  Sc 

1981 K = 1.67 + 0.02 Sc 

7 )  Percent: of s i t e  wi th  cobble and boulder  s u b s t r a t e ,  Scb 

1981 I n  K = 0.47 + 0.01 s c b  

8 )  Percent  of s i t e  wi th ,  g r a v e l  and cobble  s u b s t r a t e ,  S, 

1981 K = 0.26 - 0.007 S, 

F a l l  Negative Cor re l a t ions :  

1 )  Pe rcen t  of s i t e  wi th  a depth  of 0.26 t o  0.75 m, D t  

K = 4.03 - 0.06 D t  

2 )  Pe rcen t  of s i t e  wi th  a c u r r e n t  v e l o c i t y  of 11 t o  20 c m / s ,  V 1 1  

K = 4.96 - 0.20 V 1 1  



197 

F a l l  P o s i t i v e  C o r r e l a t i o n s :  

3 )  Percen t  of s i t e  w i t h  a sand s u b s t r a t e ,  Sa 

K = 1.58 + 0.17 I n  Sa 

Winter Negative C o r r e l a t i o n s :  

1 )  Gradient  of s i t e ,  G ,  i n  m/km 

K = 1.70 - 0.14 I n  G 

Winter P o s i t i v e  C o r r e l a t i o n s :  

2 )  Pe rcen t  of s i t e  wi th  a depth ,  Dt, of 0.26 t o  0.75 m 

K = 1.25 - 0.01 D t  

3 )  Percent  of s i t e  w i t h  a bedrock s u b s t r a t e ,  S r  

K = 1.54 + 0.01 S r  

4 )  Percen t  of s i t e  wi th  boulder and bedrock s u b s t r a t e ,  Se 

I n  K = 0.39 .t 0.005 Se 

Spr ing  No C o r r e l a t i o n s  
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